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Preface to >- 
the Second Edition 


This book is still intended for the use of junior doctors and the other staff of 
orthopaedic and trauma wards and clinics, who are concerned in the day to day 
management of patients. 

The new techniques which have become popular in the treatment of fractures, 
traction in the management of fractures of the upper limb, the prescription of 
orthoses and the new terminology used in their description, as well as the many 
new casting materials which have been developed, have been described. In 
addition the previous chapters on Afanagemenr of Patients in Traction and 
Lourniquets have been completely rewritten. ; 

We wish to thank the many people who have assisted us in the preparation of 
this edition, in particular Mr G. L. W. Bonney for his help with the chapter on 
Tourniquets; Miss J. Thomas and Mrs A. Stickland for their instructive criticism 
of the chapter on Management of Patients in Traction, Me J. Florence for his 
assistance with the unravelling of the tangled web of orthotic terminology and 
the prescription of orthoses; Mr P. Shaw for showing us how surgical footwear is 
made; and finally the many manufacturers4nd distributors of the splinting and 
casting materials discussed in Chapter J. 


J-D.M.S. 


Bognor Regis, 1983 
J.P.H. 


Preface to 
the First Edition 


This book is written primarily for the use of orthopaedic house surgeons and 
junior registrars, and of the nursing and physiotherapy staff of accident and 
orthopaedic wards. 

Many of the procedures and appliances described here are in common usage. 
The details, however, of how to carry out these procedures, their contra- 
indications and complications, and how to check the various applicances, are not 
available in the standard textbooks. This book is intended to rectify thls omission 
and to be a practical source of instruction in these matters. 

I wish to thank the many people who have assisted me in the preparation of 
this book, in particular Mr W. H. Tuck, without whose considerable guidance 
the chapters on Spinal Supports, Lower Limb Bracing and Footwear would have 
been incomplete; Dr J. D: G. Troup for his help with the section on the 
biomechanics of the spine; Mr F. G. St C. Strange and Mr G. R. Fisk who have 
kindly helped me in the description of their methods of applying traction to the 
lower limb; and to the staff of the Physiotherapy Department of the Royal 
National Orthopaedic Hospital for their assistance with the chapters on Walking 
Aids and Crutch Walking. I also wish to express my gratitude to Professor R. G. 
Burwell who advised me on the original script, to Mr J. Crawford Adams who 
read the final draft, and to Dr R. R. Mason for his careful reading of the proofs. ` 


Bognor Regis, 1974 J.D.M.S. 


Traction . 


When a limb is painful as a result of inflammation of a joint or a fracture of one 
ofthe bones, the controlling muscles go into spasm. The antagonistic muscles ia 
a limb are not atl equally powerful, with the result that when muscle spasm is 
present, the action of the more powerful muscles cau produce a deformity which 
may seriously impair the future function of the limb. 

Inflammation of the hip joint commonly results in a flexion, adduction and 
lateral rotation deformity, tne presence of which causes apparent shortening of the 
affected lower limb. 

When the shaft of the femur is fractured at the junction of the upper and 
middle thirds, the proximal fragment is flexed and abducted by the pull of the 
ilio-psoas and hip abductor muscles respectively, and the distal fragment is 

. adducted by the adductor muscles of the thigh. In addition, if apposition of the 
fragments is lost, marked shortening of the femur occurs. . 

Traction, when applied to an injured limb, can overcome the effect of the 
original deforming force, and thus can be used to reduce a fracture or a 
dislocation of a joint (sliding traction — see Ch. 4). In addition by overcoming 
muscle spasm and, in certain traction systems, the effect of gravity, traction can 
relieve pain and allow the limb to be rested in the best functional position. 
Traction also controls movement of an injured part of the body and thus aids in 


the healing of bone and soft tissues. 


METHODS OF APPLYING TRACTION 


To apply traction, a satisfactory grip must be obtained on a part of the body. In 
the case of a limb, the traction force may be applied through the skin — skin 


traction — or via the bones — skeletal traction. A 
A traction force may be applied also to other parts of the body. Pelvic traction 


is described in Chapter 4, and spinal traction in Chapter 6. 


SKIN TRACTION = 
The traction force is applied over a large area of skin. This spreads the load, and 
is more comfortable and efficient. In the treatment of Fractures, the traction force 
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must be applied only to the limb distal to the fracture site, otherwise the 
efliciency of the traction force is reduced. 

The maximum traction weight which can be applied with skin traction is 151b 
(6.7kg).. 

Two methods of applying skin traction are commonly used. 

Adhesive skin traction 

Adhesive strapping which can be stretched only transversely is used. The 
Necessary apparatus can be assembled individually, but prepared skin tracuion 
kits for use in adults or children can be obtained commercially. 

Elastoplast Skin Traction Kits* are available from Smith and Nephew Lid. 
Some patients are allergic to adhesive strapping. For these patients other 
Preparations which do not utilize an adhesive containing zinc oxide can be used, 
for example Tractac* (Johnson & Johnson Ltd) which uses an acrylic adhesive 
and Seton Skin Traction Kit* (Seton Products Lid). Two other preparations to 
which allergic reactions have not been reported are Orthotrac* (OEC 
Orthopaedic Ltd) ańd Skin-Trac* (Zimmer, USA). 


e OAIN OF ADHESIVE STRAPPING 


-= Shave ‘the limb (shaving i is not required ‘with Tractac, 

~- Orthotrac and Skin-Trac). 

— Protect the malleoli/ulnar head and radial "styloid process from 
friction with a strip.of felt,, foam rubber or. ʻa few turns ofa ' 

- crepe or elasticated bandage under the, strapping. : 

— Starting at the ankle/wrist, but leaving a loop projecting 2 
inches (5.0 cm) beyond the distal end of the limb to allow 
free movement of the foot/fingers, apply the widest possible 

x Strapping to each side: cof. the limb. ; 

.Lower limb.. The. Strapping is. applied, ‘to. she iateral ‘and. medial’, 

aspécts of the. limb; On, the: lateral aspect; ‘the’ ‘strapping | must ii 

lie’ ‘slightly. behind, and. parallel. toa line between’ the lateral |... 


P malleolus and the greater trochanter. On, the medial aspect .. 
the Strapping must lie slightly in front of ‘the ‘above line to 
, encourage medial, rotation of the limb. (Fig. .1.1). 


ee ee ee 
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` Fg. L1 Skin traction: note that on the lateral side, the strapping lies slightly behind and 
Purillel to a line between the lateral mallcolus and the greater trochanter. 


- 
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Fig. 1.2 Skin traction. 


Non-adhesive skin traction 

Ventfoam Skin Traction Bandage* (The Scholl Manufacturing Co. Ltd) consists 
of lengths of soft, ventilated latex foam rubber laminated to a strong cloth 
backing. Other non-adhesive skin traction systems are Specialist Foam Traction* 
(Johnson & Johnson Ltd) and Notac Traction* (Seton Products Ltd). These are 
useful on thin and atrophic skin, or when there is sensitivity to adhesive 
strapping. They are applied in the same way as adhesive sirapping, but as their 
grip is less secure than that of adhesive strapping, frequent reapplications may be 
necessary. The traction weight used should not exceed 101b (4.5kg). 


CONTRAINDICATIONS TO. SKIN TRACTION 


1. Abrasions of the skin 

2. Lacerations of the skin in the area to which the traction is to 
be applied 

3. Impairment of circulation — varicose ulcers, impending 
gangrene 

4. Dermatitis 

5. Marked shortening of the bony fragments, when the traction 
weight required will be greater-than can be applied through 
the skin. 


*See Appendix 
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COMPLICATIONS OF SKIN TRACTION 


1. Allergic reactions to the adhesive. 
2. Excoriation of the skin from slipping of the adhesive 


strapping. 
3. Pressure sores around the malleoli and over the tendo 


calcaneus. 
4. Common peroneal nerve palsy. This may result from two 


causes. 

Rotation of the limb is difficult to control with skin traction. 
There is a tendency for the limb to rotate laterally and for the 
common peroneal nerve to be compressed by the slings on 
which the limb rests. Adhesive strapping tends to slide 
slowly down the limb, carrying the encircling bandage with it. 
The circumference of the limb around the knee is greater than 
that around the head of the fibula. The downward slide of the 
adhesive strapping and bandage is halted at the head of the 
fibula. This can cause pressure on the common peroneal 


nerve. 


SKELETAL TRACTION `- E 


For skeletal traction, a metal pin or wire is driven through the bone. By this 
means the traction force is applied directly to the skeleton (for spina? traction, see 
Ch. 6). 

Skeletal traction is seldom necessary in the management of upper limb 
fractures. It is used frequently in the management of lower limb fractures. It may 
be employed as a means of reducing or of maintaining the reduction of a fracture. 
It should be reserved for those cases in which skin traction is contraindicated. A 
serious complication of skeletal traction is osteomyelitis. 


Steinmann pin l : 
Steinmann pins (Steinmann, 1916) are rigid stainless steel pins of varying 


lengths, 4 to 6 millimetres in diameter. After insertion, a special stirrup (Böhler, 
1929), illustrated in Figure 1.3, is attached to the pin. The BaMler stirrup allows 
the direction of the traction to be varied without turning the pin in the bone. 


Denham pin 
The Denham pin (Denham, 1972) illustrated in Figure 1.4 is identical to a 


Steinmann pin except for a short'raised threaded Jength situated towards the end 
held in the introducer. This threaded portion engages the bony cortex and 
reduces the risk of the pin sliding. This type of pin is particularly suitable for use 
in cancellous bone, such as the calcaneus, or in osteoporotic bone. š 


TRACTION 


Fig. 1.3 Böhler stirrup with Stcinmann pin. 


Fig. 1.4 Denham pin. 


Fig. 1.5 Kirschner wire strainer. 
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Kirschner wire 

A Kirschner wire (Kirschner, 1909) is of small diameter, and is insufficiently 
rigid until pulled taut in a special stirrup (Fig. 1.5) (Kirschner, 1927). Rotation 
of the stirrup is imparted to the wire. The wire easily cuts out of bone if a heavy 
“traction weight is applied. Although Kirschner wires can be used in the lower 


limb, they are more often used in the upper limb. yy 


COMMON SITES FOR Sonia teen ‘peas OF SKELETAL TRACTION 


Olecranon 

Just deep to the subcutaneous border of the upper end of the ulna, 1} inches (3.0 
cm) distal to the tip of the olecranon. This avoids the elbow joint. Drive the 
Kirschner wire from medial to lateral at right angles to the longitudinal axis of 
the ulna, Take great care to avoid the ulnar nerve (Fig. 1.6), A screw eye also can 


be used (Fig. 4.23). 


Ulnar Nerve 


Medial Epicondyle 


Fig. 1.6 Position for Kirschner wire in olecranon. Note position of ulnar nerve. 


Second and third metacarpals : 
The point of insertion of the Kirschner wire is 3-1 inch (2.0-2.5 cm) proximal to 
the distal end of the second metacarpal. The wire traverses the second and third 
metacarpals transversely to lie at right angles to the longitudinal axis of the 


radius (Fig. 1.7). 


Upper end of femur — greater trochenter 
The lateral surface of the femur, 1 inch (2.5 cm) below the most prominent part 


of the greater trochanter, mid-way between the anterior and posterior surfaces of 
the femur (Fig. 1.8). A coarse threaded cancellous screw or screw eye (Fig. 4.18) 


is used (see Ch. 4). 


Lower end of femur 
Prolonged traction through the ewer end of the femur predisposes to knee 


stiffness from fibrosis in the extensor mechanism of the knee. For this reason, a 
Steinmann pin through the lower end of the femur must be removed after two to 
three weeks and be replaced by one through the upper end of the tibia. 

The point of insertion for skeletal traction through the lower end of the femur 
can be determined in two ways. ` 
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Long Axis of Radius : 


Fig. 1.7 Position for Kirschner wire in second and third metacarpals. Note that the wire is at 


right angles to the long axis of the radius. 


Fig. 1.8 Position for screw eye in upper end of femur for lateral femoral traction. 


1, Draw a line from before backwards at the level of the upper pole of the 
patella. Draw a second line from below upwards anterior to the head of the 
fibula. Where these two lines intersect is the point of insertion of a Steinmann 
pin (Fig. 1.9). 

2. Just proximal to the upper limit of the lateral femoral condyle. In the 
average adult this point is 14 inches (3.0 cm) proximal to the articulation 
between the lateral femoral condyle and the lateral tibial plateau. 

Care must be taken to avoid entering the knee joint. The lateral fold of the 
capsule of the knee joint reaches 4 to } inch (1 .25-2.0 cm) above the level of the 
joint (Fig. 1.9). 
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Capsule of the knee joint 


Fig. 1.9 Position for Steinmann pin in lower end of femur and upper end of tibia. 


Upper end of tibia 

The point of insertion is } inch (2.0 cm) behind the crest, just below the level of 
the tubercle of the tibia (Fig. 1.9). The pin should be driven from the lateral to 
the medial side of the limb to avoid damage to the common peroncal nerve. 


Lower end of tibia 
The point of insertion is 2 inches (5.0 cm) above the Jevel of the ankle joint, mid- 
way between the anterior and posterior borders of the tibia (Fig. 1.10). 


Medial T 1 a Saar 0 — 
malleolus 13° E Lateral 
n E ; malleolus 


pe 
| 
l 
! 
| 
l Wer Lateral malleolus 


| 
m— 1} — Medial malleolus 


Fig. 1.10° Position for Steinmann pin in lower end of tibia and calcancus. 
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Calcaneus 

The point of insertion is 3 inch (2.0 cm) below'and behind the lateral malleolus. 
(As the lateral malleolus lies 4 inch (1.25 cm) more posterior and distal than the 
medial malleolus, the above point corresponds with that 1} inches (3.0 cm) 
below and behind the medial malleolus. Care must be taken to avoid entering the 
subtalar joint (Fig. 1.10). 

The insertion of a Stcinmann pin through the calcaneus may result in stiffness 
of the subtalar joint, or more scriously, in infection in the bone. However, with a 
pin in this site, the traction force is applied in the line of the calf muscles, 
counteracts their pull, and thereby reduces the deforming action of these muscles 
wav he facture. Whon possible the lower tibial site for insertion of a Steinmann 
pin should be used. 


sy al 


APPLICATION OF SKELETAL TRACTION 


INSERTION OF STEINMANN PIN — LOWER 
LIMB: 


ka Use’ shea or local anaesthesia. If local anaesthesia is used, 
the skin and the periosteum on both sides of the limb must 


_ , be, infiltrated. 
Shave the skin. 
~ m Use full aseptic precautions — : mask, cap, gown, gloves and 
: ., drapes. i i 
— — Paint the skin with lodiné ‘end spirit. 
= - Drape skin towels under and around the limb. 
f ~ Mount the Steinmann pin on the introducer. 

— Ask an assistant to hold the limb i in the same degree ÜE ee 
abpgglateral ral. | rotation:as, s.theinormal. limb: (Fig: 1. 11). and; withthe 4.48 
; pR e at a. “tight ‘angle.. This ensures. that if the limb. is resting <- oe 
Figu fuga ‘pillow; + thé, outer, (lateral) end of thé Steinmann pin: sae 
ns Pie es. not ‘press | on; "either. the pillow , or mattress thus tendirigs”. 

See “cause a: ‘medial fotational deformity, at the fracture, Site eats y 


l id 


dentity th ‘the’ s site:of insertion’ (sée “above).~ aig IANG 


ony See eee Gra. 


Fig. 1.11 The limb must be held in the same degree of lateral rotation as the normal limb; the 
Steinmann pin lies horizontally. 
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— Hold the pin horizontally and at right angles to the long axis 
of the limb (Fig. 1.12). 

ma Dsiye the pin from lateral to medial, through the skin and the 
bone with a gentle twisting motion'of the forearm, while 
keeping the flexed elbow against the side of your body, and 
taking care to avoid putting your other hand opposite the site 
where the pin will emerge. = i 

— Apply on each side a small cotton wool pad, soaked in Tinct. 
Benzoin, around the pin to seal the wounds. Always use two 
separate pads. One strip of gauze wound back and forth 
across the shin and around the Steinmann pin may cause a 
pressure sore. Tinct. Benzoin is the best sealing compound as 
it will stick to skin and metal, 

— Fit the Böhler stirrup. i Ker Ss 

— Apply guards over the ends of the pin. 


Longitudinal Axis of Limb 


Fig. 1.12 The Steinmann pin is inserted at right angles to the longitudinal axis of the limb. 


By not incising the skin with a scalpel prior to inserting the Steinmann pin by 
hand, a much tighter fit around the pin is obtained. If the Steinmann pin is 
inserted with a power drill the skin must be incised first. The skin must not be 
puckered. If the skin does pucker, it must be incised and one or two sutures 
inserted if necessary. 

A Steinmann pin may also be gently hammered in. It is inadvisable to use this 
method when inserting a pin into the lower end of the femur or tibia, as 
splintering of the cortex may occur. 


COMPLICATIONS OF SKELETAL TRACTION 


1. Introduction of infection into bone. ę 
2. Incorrect placement of the pin or wire may 
— Allow the pin or wire to cut out of the bone causing pain 
and the failure'of the traction system. 
— Make control of rotation of the limb difficult. 
— Make the application of splints difficult. - 
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— Result in an uneven pull being applied to the ends of the 
pin or wire and thus cause the pin or wire to move in the 
bone. This movement will result in an increased risk of 
infection in the bone and ischaemic necrosis of the skin 
around the pin or wire from pressure on the skin by the 
Böhler stirrup or Kirschner wire strainer. 

3. Distraction at the fracture site as very large traction forces 
can be applied through skeletal traction. 

4. Ligamentous damage if a large traction force is applied 
through a joint for a prolonged period of time. 

5. Damage to epiphyseal growth plates when used in children. 
Genu recurvatum can occur as a late complication of the 
treatment of a fracture of the femoral shaft in children with 
traction through the upper end of the tibia (Bjerkreim and 
Benum, 1975; Van Meter and Branick, 1980). 

6. Depressed scars. These can be prevented if the pin track is 

- pinched at the time of removal of the pin, to rupture the 
bridge of fibrous tissue which forms between the skin and 
periosteum (Douglas et al, 1980). 


COUNTER-TRACTION 


One of the reasons for applying a traction force to a part of the body is to 
counteract the deforming effects of muscle spasm. The muscles in spasm tend to 
draw the distal part of the body in a proximal direction. A traction force applied 
to the affected part of the body will overcome muscle spasm only if another force 
acting in the opposite direction — counster-tracrion — is applied at the same time 
as the traction force. If counter-traction is not applied, the whole body will tend 
to be pulled in the direction of the traction force, and muscle spasm will not be 
overcome. 


FIXED TRACTION 


One method of obtaining counter-traction is by applying a force against a fixed 
point on the body, proximal to the attachments of the muscles in spasm. A 
similar situation exists when an attempt is made 10 extract a cork from a bottle. 
The neck of the bottle is gripped in one hand and the corkscrew in the other. 
When a traction force is initially applied to the corkscrew, another force, acting 
in the opposite direction (counter-traction), is applied at the same time to the 
bottle, the counter-traction force passing along the arm to the neck of the bottle. 
This mechanical arrangement is called fixed traction. 

To apply a force against a fixed point on the body, an appliance, for example a 
Thomas's splint (see Ch. 2) is used. The ring of the splint snugly encircles the 
root of the limb. The traction cords are tied to the distal end of the splint, and the 
counter-traction force passes along the side bars of the splint to the ring and 
hence to the body proximal to the attachment of the muscles in spasm (Fig. 3.1). 

Fixed traction is discussed in Chapter 3. 
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SLIDING TRACTION i 


Gravity may be utilized to provide counter-craction by tilting the bed so that the 
patigngtends to slide in the opposite direction to that of the traction force. This 
is called siding traction and is discussed in Chapter 4, A splint is often used when 
sliding traction is employed, but the function of the splint in this instance is 


merely to cradle the limb. 
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The Thomas’s and Fisk splints 


THOMAS’S SPLINT 


The splint which today is called the Thomas’s splint was described originally by 
Haugh Owen Thomas (Thomas, 1876) as a knee appliance which he used in the 
ambulant management of chronic or subacute inflammation of the kace joint. 
The present splint consists ofa padded oval metal ring covered with soft leather, 
to which are attached inner and outer side bars. These side bars which exactly 
bisect the oval ring, are of unequal length so that the padded ring is set at an 
angle of 120 degrees to the inner side bar. At the distal end the two side bars are 
joined together in the form of a ‘W°. The outer side bar is often angled out 2 
inches (5.0 cm) below the padded ring, to clear a prominent greater ochanter 


(Vig. 3.1). 
The padded ring is made in different sizes and the side bars in varying lengths. 


Peek oie se fei’ care 
ase 7 


CHOOSING A: THOMAS’ S: ‘SPLINT 
u a: 2 ame Lenk F - 
oe Sitcasure the obitque cunili ae of the thigh 

immediately below ‘the gluteal fold and ischial tuberosity. The 

“fine: of. Measurement is oblique and must correspond with: “the? 

inclination of the ring of the splint (Fig. 2.1). This meanman 

equals : ‘the internal circumference of the padded ring. If the. 
above: ‘measurement cannot be takeni without causing the > 
patient’ pain, measure the oblique circumference of the normal 
thigh Add 2 inches (5.0 cm) to this measurement if there is ` 
much swelling of the injured thigh. Accuracy is required if fixed 
traction is intended. With sliding traction, accuracy is net so 
important because the function of the splint | is merely to support 
the limb. > sk ‘ 

, 2 Measure the distance from the crotch to the heel and add 

6 to 9 inches (15 to 23 cml.» This distance equats the length of 

the Inner side bar (Fig. 2. 1. 


veg, : 2 SM wl ee 
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Thig! t 
ugh girth k 


Crotch 


Heel 


Add 6" --9” 
Fig. 2.1 How to measure for a Thomas's splint. 


, PREPARING A; PUA s, SPI INT 


S bandage, or calico.. Iti is ‘better ‘to cut off. EXCESS length. later, 
“than to have to change a sling, which is. too; Sbort, after, the limb 
ji has been, placed in the, Splinti ei: n die itch ; 
‘a Poss the length. of. domette bandage or, callcc around: the ‘nner rs 
aS sidé bari; Then pass both i ds.above.,;: the oute er. side bar (Fig; 


H s = "trees > Pets! 
44.2.2 2) ut i i ARDER 


Sd AT Kiraia 


e 9 


Fig. 2.2 Detail of fixing of sling to inner and outer side bars of a Thomas's splint. 
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Fasten the two ends to the sling so formed with two large 
safety pins or toothed clips. 

In this way the tension of the sling can be adjusted easily 
after the splint has been fitted to the limb (Fig. 2.2), to ensure 
uniform support of the limb, and to avoid excess pressure in the 
region of the neck of the fibula and the tendo calcaneus. 

The proximal sling leaves a triangular area of thigh 
unsupported because of the obliquity of the ring of the splint 
with the side bars. This triangular area can be supported by 
passing the length of domette bandage around the ring of the 
splint as well as the side bars (Fig. 2.3) (Strange, 1965). 


Fig..2.3 Method of arranging the proximal sling to obliterate the triangular gap which results 
from the obliquity of the ring of a Thomas's splint. 
The dista! sling must end 23 inches (6.0 cm) above the heel 
‘to avoid pressure sores developing over the tendo calcaneus 
(Fig? 2.4). 
+ ta: The. slings, tend to slip distally on the side bars Of the os 755: 
= Thomas’ s splint. This can be prevented by pinning veri ‘sling. to‘: 
ii . the: one above or by binding the side bars with zinc: OM idee +95 856g 
Bs 5 jstrábping before applying the slings. 4 “$s 
a BY Line the slings with Gamgee, tissue, , e wy TEEN a ʻi 
x 


rae ‘Fashion one large pad from Gamgee tissue | or r cotton ‚wool. | 
read should measure roughly 6 by 9 inches (15 ; by. 23- ‘em) $ 
en be: about 2 inches (5.0 cm) thick when compressed, Place ~- 

£ , this ad transversely under the lower r part of the thigh, to. ater Pet 

; “maintain the normal anterior bowing of the femoral shaft, (Fig, ree 


i ki? A ai hoat aie TRT RS PEES T ARESE EEE EEE 


Fig. 2.4 Arrangement of pads, slings and gamgee lining for a Thomas's splint. 


16 TRACTION AND ORTHOPAEDIC APPLIANCES 


4. If the leg is to be supported in a knee-flexion piece, the 
hinge must coincide with the axis of movernent of the knee 
iint, The movement of flexion and extension at a normal knee 
joint‘is not one of simple hinge movement, but is complex, 
following a polycentric pathway (the instant centres determined 
for each increment of flexion moving posteriorly in a spiral 
pattern (Gunston, 1971), as shown in Fig. 2.5). 
However, from the point of view of the siting of the hinge of 
a knee-flexion piece, the axis of movement is taken to lie level 
with the adductor tubercle of the femur (Fig. 2.5). 
5. After the splint has been fitted, bandage the limb into the 


splint. 


Level of adductor tubercle of femur ___ nile 


(Polycentric pathway of movement __— 


in the normal knee) 


Fig. 2.5 Hinge of knee-flexion picce is sited level with the adductor tubercle of the femur. 


FISK SPLINT 


The splint described by Fisk (1944) consists of a modified Thomas’s splint to 
which a knee-flexion piece is attached. The Thomas’s splint is modified by 
removing the side bars beyond the level of the knee joint, and turning the cut 
ends of the side bars horizontally outwards to form small rings. A knee-flexion 
piece is fixed firmly to the side bars just proximal to these rings, level with the 
axis of movement of the knee joint. 

The splint is now purpose-designed* (Fig. 2.6). The padded groin ring, the 
front half of which is replaced by a padded strap and buckle, is auached by 
swivel joints to the side bars, so that the same splint can be used for either limb. 
The distal ends of the side bars are connected just beyond the knee by a squared- 
off frame which has two small eyelets at cach upper corner. The knec-fexion 
piece is fixed to the side bars, just proximal to the squared-off frame, through of- 
set double-cog hinges. These hinges must lic at the level of the axis of movement 
Se EE lin i ela teehee 


*Sce Appendix. 
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Fig. 2.6 Fisk splint, side view. Insert shows method used to attach traction cords to a 
Steinmann pin with Denham locking collars and U-surrups. 


of the knee joint when the splint is applied to the limb. The side bars of the thigh 
and knee-fexion parts of the splint are adjustable telescopically, thus enabling all 


lengths of lower timb to be accommodated. 
Application of sliding traction with the Fisk splint is described in Chapter 4, 


and suspension of the splint in Chapter 5. 
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Fixed traction 


If traction is applied ta a limb, counter-traction acting in the opposite direction 
must be applied also, to prevent the body from being pulled in the direction of 
the traction force. When counter-traction acts through an appliance which 
obtains a purchase on a part of the body, the arrangement js called fixed traction, 


FIXED TRACTION IN A THOMAS’S SPLINT 


Fixed traction in a Thomas’s splint can ‘maintain’, but nor ‘obtain’ the reduction 
of a fracture. It is therefore indicated when the femoral fracture can be reduced 
by manipulation. A reduced transverse fracture is most suitable, but the 
reduction of an oblique or spiral fracture cun be maintained ulso, i 

When the cords attached to the adhesive strapping or a tibial Steinmann pin 
are pulled tight, the counter-thrust passes up the side bars of the splint to the 
padded ring around the root of the limb (Fig. 3.1). The ring, which must be a 
snug fit, may cause pressure sores unless daily attention is paid to.the skin (see 
Ch. 8). The pressure of the padded ring around the root of the limb can be 
reduced partly by pulling on the end of the splint A traction weight of 5 Ib (2.3 
kg) attached to the Thomas's splint usually is sufficient for this purpose. 

The significant feature of fixed traction is that the traction force balances the 
pull of the muscles and, as the muscular pull and haematoma decrease, the 
traction force decreases. Distraction at the fracture site and the accompanying 
danger of delayed union or non-union of the fracture is less likely to occur. It is 
not necessary in this system repectedly to tighten the traction cords with a 
windlass, except to compensate for any stretching of the cords or sliding 
downwards of the adhesive strapping if skin traction is employed. 

As counter-traction is not dependant upon gravity the apparatus is self 
contained, and the patient may be lifted and moved without risk of displacement 
of the fracture. This method is valuable in the treatment of civilian casualties. 
During the Second World War a modification of this method was exiployed. 
Skin traction was applied, and while moderate traction was maintained, ihe 
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Fig. 3.1 Fixed traction in a Thomas's splint. The grip on the leg is obtained by adhesive 
Strapping. 


Note: 


the ring of the Thomas’s splint is well up in the groin and fits snugly around the root of the 
limb. - > 

the malleoli are well padded to avoid pressure. À 

the outer traction cord passes above and the inner cord passes below its respective side bar, to 
hold the limb in medial rotation. 

the traction cords are tied over the end of the Thomas's splint. 

a windlass is omitted. This avoids the temptation to repeatedly tighten the traction cords and 
thereby cither distract the fracture or pull the adhesive strapping off the limb. 

the counter thrust (traction) passes up the side bars, as indicated by the arrows, to the root of 


the limb. a 


lower limb was encased in a skin-tight plaster-of-Paris cast extending from the 


groin to the toes with the foot at a right angle. Two large holes were cut in the 
region of the malleoli to allow exit of the skin traction. A Thomas’s splint was 
threaded over the cast and the skin traction tied to the lower end of the splint. 
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The plaster cast was then split and the spline secured to the cast by bandaging. 
This assembly was known as the Tobruk splint (Bristow, 19-13). 

For comfort and ease of movement of the patient, the Thomas’s splint can be 
suspended (see Ch. 5). 


REDUCTION OF A FEMORAL SHAFT 
FRACTURE 


For children skin traction is adequate, but for adults skeletal 
traction with an upper tibial Steinmann pin (Denham pin for 
the elderly} is used more frequently. 

— Insert an upper tibial Steinmann pin under general anaesthesia 
and attach a Böhler stirrup. 

— Thread the prepared Thomas’s splint over the limb. 

— Palpate the dorsalis pedis and posterior tibial pulses. 

— Study the radiographs. Determine the type of fracture, in 

' which direction the fragments are displaced and in which 
direction they need to be moved to obtain apposition of the 
bone ends. The next step depends upon the type of fracture. 
Transverse fracture. An assistant standing at the foot of the 
splint holds the Böhler stirrup, exerts a traction force in the’ 
long axis of the limb, and simultaneously forces the ring of 
the splint against the ischial tuberosity. 

— Stand at the side of the limb and grip the limb above and 
below the fracture site. Move the proximal and distal 
fragments in the directions determined from the study of the 
pre-reduction radiographs, to reduce the fracture. For 
example, in a fracture at the junction of the middle and lower 
thirds of the shaft of the femur, the distal fragment usually is 
displaced posteriorly. Therefore place one hand under the 
distal fragment and the other on top of the proximal 
fragment, and push anteriorly with the hand under the distal 
fragment. The general rule is that the distal fragment is 
reduced to the proximal fragment and not vice versa, as the 
manipulator has control only of the distal fragment, the 
proximal fragment being under control of the muscles 
attached to it, Pein 

— Check that apposition of the aomena. has ‘been obtained by 
temporarily reducing the traction force. The absence of 
telescoping of the limb indicates that apposition has been 

: achieved. 
’ = When apposition has been obtained, carefully lower the limb, - 
` while maintaining traction; onto the prepared Thomas’s as 
splint, with the large pad under the lower part of the thigh. 
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~ Maintain. traction. . ve Be oh z 
— Arrange the tension in the other ‘tings to allow 15-208 ofj 


knee flexion. 
` ‘Attach traction cords to sha Ri of the Shiera pin and l 
tie them to the lower end of the Thomas’s splint. 
— Release the pull on the Bohler stirrup. 
— Take antero-posterior and lateral radiographs to check the 
reduction of the fracture. If the reduction is not satisfactory, 
- re-manipulate. 
oS — Palpate the dorsalis pedis and Gosterior tibial pulses. If the 
pulses are absent, reduce the traction force. If the pulses do 
not return, very gently. re-manipulate the fracture. If the 
peripheral pulses are still absent, notify more senior ` i 
¿i colleagues immediately. 
i = If the peripheral pulses are present and the reduction is 
: Satisfactory, remove the Bohler stirrup. 
+ + Suspend the Thomas's splint (see Ch. 5). 
> Oblique, spiral or comminuted fractures. A formal ` 
2 Be . «manipulation of these fractures is not required. The traction l 
‘force is applied in the long axis of the limb as described - 
, above, until the fractured femur is restored to its conac. 
“length. Traction is maintained until the traction cords are tied 
to: ‘the foot of the Thomas's splint: ` E 
The Instructions about the large pad, ‘radiographs; 3 
‘peripheral pulses and Suspension. of the Thomas’ s splint’ alsó? 


Reds ta 
PPV ss ae isi tri, week at Spee abe. his ah AHER 
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TRACTION UNIT 


For many years, Charnley (1970), has employed what he terms a traction unit 
(Fig. 3.2), in conjunction with fixed traction in a Thomas’s splint, for the 
management of fractures of the femoral shaft. Basically a traction unit consists of 
an upper tibial Steinmann pin incorporated in a light below-knee plaster cast. 


Fig. 3.2 Traction unit. The broken line shows the position of the side bars of the Thomas's 
splint in relation to the cross-bar fixed to the sole of the plaster cast. 


ae 


22 TRACTION AND ORTHOPAEDIC APPLIANCES 


APPLICATION OF A TRACTION UNIT WITH 
FIED TRACTION 


— Chake the correct size of Thomas's splint. 

— Fashion one sling and a large pad to support the thigh. 

— Under general anaesthesia, thread the prepared Thomas’s 
splint over the limb, insert an upper tibial Steinmann pin and 
attach a Bablor stirrup. ` 

— While the leg is supported by an assistant holding the stirrup 
and keeping the foot at a right angle, apply a padded below- 
knee plaster cast incorporating the Steinmann pin. The cast 
must be well padded around the heel to prevent pressure 
sores from developing. 

— Incorporate a 6 inch (15.0 cm) long wooden bar transversely 
in the sole of the plaster cast about mid-way between the 
heel and the toes. This bar controls rotation of the limb. 

— When the plaster cast has hardened, reduce the fracture and 
lower the limb on to the prepared splint. 

— Check that the thigh sling and the large pad correctly support 
the thigh, maintaining the. normal anterior bowing of the 
femoral shaft. F 

— Allow the transverse bar to rest on the side bars of the 
Thomas’s splint. If the thigh sling is correctly tensioned, and 
the transverse bar is positioned correctly, the knee should be 
in 15-20° of flexion, and the fimb in neutral rotation. 

— Attach a cord to each end of the Steinmann pin, loop them 
once around the side bars of the splint and tie them over the 
end of the splint. 

— Check that the pressure of the thigh sling against the thigh is 
not excessive. If it is, reduce the pressure by placing a sling 
under the upper end of. the traction unit. The tighter the calf 
sling is pulled, the more the pressure on the thigh is relieved. 

— Suspend the Thomas's splint sada used Method 2, Ch. 
5). 

— Attach a 5 Ib (2.3 kg) weight to the end bi the Thomas's 
splint to reduce partly the pressure of the: paaces ting of the 
splint. around the root of the limb. : - 


Advantages of the traction unit 


l. Compression of the tissues of the upper calf, in particular the common 
peroneal. nerve, does not occur. When fixed traction without a traction unit is 
employed, the upper calf may be compressed between the Steinmann pin and 
the upper edge of the sling supporting the calf. Even when a sling is used to 
support the traction unit, compression of the calf does not occur because it is 
protected by the plaster cast. 
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2. Equinus deformity at the ankle cannot occur because the foot is supported by 


the plaster cast. i 
3. The tendo calcaneus is protected from pressure by the padded cast. 


4. Rotation of the foot and the distal fragment is controlled. 
5. A fracture of the ipsilateral tibia can be treated conservatively at the same time 


as the femoral fracture. 


ROGER ANDERSON WELL-LEG TRACTION 


Well-leg traction (Anderson, 1932) was originally used in the management of 
fractures of the pelvis, femur and tibia, skeletal traction being applied to the 
injured leg, while the ‘well’ leg was employed for counter-traction. It is rarely 
used for these purposes today. This method however is valuable in correcting 
either an abduction or adduction deformity at the hip, for instance before an 
extra-articular arthrodesis is carried out. 

The principle is as follows: 

With an abduction deformity at the hip, the affected limb appears to be longer. 
When traction is applied to the ‘well’ limb and the affected limb is 
simukaneously pushed up (counter-traction), the abduction deformity is 
reduced. Reversing the arrangement will reduce an adduction deformity (Fig. 
3:3); 

ADDUCTION 
* DEFORMITY 


itt 


| 


Fig. 3.3 ‘Diagrammatic illustration of the principle cf Roger Anderson well-leg traction. 


ABDUCTION 
DEFORMITY 


APPLICATION OF ROGER ANDERSON 

SWELL-LEG TRACTION sic o. Sobek ct 
me i iie on paing da s ‘on and em, eo ‘up : 
of the other is achieved by using the apparatus illustrated in 
Figure 3.4. 
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Line of iliac spines 


Fig. 3.4 Roger Anderson well-Ieg traction (modified). The padded below-knee plaster cast is 
not illustrated. 

— Apply an above-knee di cast to the limb: which is to be; ` 
pushed upwards. This plaster cast must extend to the top of 
the thigh; it must be well padded and moulded over the 
medial aspect of the upper thigh, to prevent the cast pressing. 
on the tissues and obstructing the circulation; and it must be 
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well padded around the ankle and heel as these will be the 
sites of continuous pressure from the direction of the heel. 
— Incorporate the larger stirrup in this plaster. 

‘— Insert a Steinmann pin through the lower end of the tibia of 
the limb which is to be pulled down, and incorporate the 
“Stelnmann pin in a light padded below-knee plaster cast. 

— Pass the ends of the Steinmann pin through the lowest 
possible holes in the side arms of the smaller stirrup. 
By altering the position of the screw (on the left in Fig. 
3.4}, the relative positions of the two stirrups can be altered. 
The arrangement illustrated in Figure 3.4 can be used to 
correct an abduction deformity at the right hip, or an 
adduction deformity at the left hip. 
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Sliding traction 


In 1839, John Haddy James of Exeter described a method, which he had 
employed for several years, of treating fractures of the lower limb with 
‘continuous yet tolerable traction .. . by weight and pulley’ (Jones, 1953). The 
patient’s trunk was fixed to the head of the bed by a rib bandage. The leg was 
bandaged into a padded hollow splint fitted with a foot piece. A castor on the 
hollow splint rested upon a wooden plank. A cord from the footpiece passed over 
a pulley at the foot of the bed to a weight. The head of the bed was raised. James 
did not utilize the weight of the body, acting under the influence of gravity, to 
provide counter-traction. In his system, counter-traction was represented by the 
tension in the rib bandage. 

When the weight of all or part of the body, acting under the influcnce of 
gravity, is utilized to provide counter-traction, the arrangement is called sliding 
traction. The traction force is applied by a weight, attached to adhesive strapping 
or a steel pin by a cord acting over a pulley (Fig. 4.1). The traction force 
continues to act 3s long as the weight remains clear of the floor. Counter-traction 
is obtained by raising one end of the bed by means of wooden blocks or a bed 


Fig. 4.1 The principle of sliding traction. 


' 
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elevator, so that the body tends to slide in the opposite direction to thai of the 
traction force. ee as 

When sliding traction is used to reduce 2 fracture, the initial traction weight 
required to obtain the reduction is greater than the traction weight required to 
maintain the reduction. Great care must be taken to ensure that distraction of the 
fracture does not.occur, For this reason the length of the fractured bone must be 
measured daily with a tape measure and compared with the normal side, until 
the correct length has been obtained. When this has been achieved, the traction 
weight must be reduced to that sufficient to maintain the reduction. Daily 
radiographic examination may be employed, but do nor ignore the use of a tape 
measure. 

The traction weight needed to reduce or to maintain the reduction of a 
particular fracture depends upon the site of the fracture, the age and weight of 
the patient, the power of his muscles, the amount of muscle damage present and 
the degree of friction present in the system. The exact weight required as 
determined by trial, and observing the behaviour of the fracture. For a fracture of 
the femoral shaft an initial weight of [0% of the weight of the patient is usually 
sufficient. The heavier the traction weight used, the higher the end of the bed 
must be raised to provide adequate counter-traction, a rough guide being | inch 
(2.5 cm) for each 1 1b (0.46 kg) of traction weight. 


BUCK’S TRACTION OR EXTENSION 


Buck's traction, popularised in the American Civil War (Buck, 1861) is used in 
the temporary management of fractures of the femoral neck; in the management 
of fractures of the femoral shaft in older and larger children; undisplaced 
fractures of the acetabulum; after reduction of a dislocation of the hip; to correct 
minor fixed flexion deformities of the hip or knee; and in place of pelvic traction 
in the management of low back pain. 


aa tds HA Apt 4 <i ib - Foye be, 


` APBLICATION OF. BUCK’ S. TRACTION: 
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~ Apply adhesive strapping to sové ‘thie piss or, in aided 

„patients, with aao, SKIN; Ventfoam Skin Traction 
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PERKINS TRACTION 


Perkins traction can be used in the treatment of fractures of the tibia and cf the 
femer*from the subtrochanteric region distally in all age groups, and of 
trochanteric fractures of the femur in patients aged under 45 to 50 years. 

‘The basis of management ofa fracture by Perkins traction is essentially the use 
of skeletal traction, without any form of external splintage, coupled with sctive 
movements of the injured limb which are commenced as soon as possible. 

Perkins (1970) considered that traction aligned the fragments, neutralized the 
pull of the muscles and prevented rotation and angulation at the fracture site, 
provided that the fracture site was bridged by the origins of a muscle. He 
believed that by encouraging carly muscular activity, the development of stiff 
joints was frequently prevented by both maintaining extensibility of muscles by 
reciprocat innervation, and preventing stagnation of tissue Muid; compression at 
the fracture site occurred which promoted union; and the functional ‘severance 
of the connection between the brain and the damaged limb’ was prevented. 

Buxton (1981) reported on the results obtained in 50 patients with fractures of 
the femoral shaft treated by Perkins traction. 47 patients (9-47) were in traction 
for 12 weeks. The remaining three were in traction for a total of 16, 18 and 28 
weeks respectively. All 50 patients had at least 120° of knee flexion when 
traction was discontinued. 

A Hadfield split bed*, in which the distal one third of the mattress and the 
base of the bed can be removed to facilitate flexion of the knee, is required when 
a fracture of the femur is being treated. Some standard hospital beds caz be 
suitably modified. Fractures of the tibia can be treated in an ordinary stancard 
bed. 

A Denham pin is inserted through the upper end of the tibia for fractures of 
the femur, the mid tibia for fractures of the condyles of the tibia, with the proviso 
that the pin must be at least one inch (2.5 cm) below the lowest limit of the 
haematoma resulting from the fracture, and the os calcis for other fractures 7 the 
tibia. Denham collars (Fig. 2.6) to which the traction cords are hooked. ae 


Denham pins can result in movement being imparted to the pins, cazsing 
loosening and infection. New low friction swivels* (Fig. 4.2) have zeen 
developed (Simonis, 1980) to overcome this problem. 


Fig. 4.2 Simonis low friction swivel. | 


*See Appendix. > 
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APPLICATION OF PERKINS ‘TRACTION 


1. For fractures of the femur 


A Hadfield split bed or a suitably, modified standard hospital 
béd is required. 

— Under general anaesthesia and full aseptic conditions, insert a 
Denham pin through the upper end of the tibia (see pp. 4-10). 

— Attach a Simonis swivel to each end of the Denham pin. 

— Connect two traction cords, one to each swivel. 

— Keeping the traction cords parallel, pass each cord over a 

`" separate pulley at the foot of the bed. 

— Attach a weight to each traction cord. For the average adult, 
a 10 lb (4.6 kg) weight is attached to EACH cord making a 
total traction weight of 20 Ib (9.2 kg). This weight is usually 

_reduced to 15 lb (6.9 kg) in the less bulky male patient after 
about one to two weeks. 

— Elevate the foot of the bed by one inch (2.5 cm) for each 1 Ib 
(0.46 kg) of traction weight. 

— Place one or more pillows under the thigh to maintain the 
normal anterior bowing of the femoral shaft. This bowing 
must, if anything, be accentuated. 

— Check the length of the limb with a tape measure, and 

« increase or decrease the total traction weight as necessary. 

— Adjust the height of one pulley if necessary to correct 
rotation. 

_— Arrange for a radiograph to be taken. 

— Start active quadriceps exercises immediately unless 

-< precluded from doing so by other injuries and the general 

“condition of the patient. n : 

Commence knee flexion under supervision of a)". i 

"t “physiotherapist, about one week after.admission, by which 
“time good quadriceps contraction should be present. 

patie the injured limb supported, split the bed. 

~“— Place a hand under the patient's heel and encourage him to 

“actively. flex his knee as far as possible against resistance. 

Continue for about 15. minutes on the first day. 5; ies 


MA ; t müscular-control: and requires less*manual support, increase :; 
č ~ the: time ‘spent carrying out exercises, reaching a maximum of 
J Aitesven to: jeight. hobrar nee day aftantid v weeks. 
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i2. :For: fractures of the tibia i 


‘Tibial fractures can be nursed in an A PARES iosita 
bed, ‘with the leg resting on a pillow. 
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— Under general anaesthesia and full aseptic conditions, insert a 
Denham pin through the selected site (see pp. 4-10). 

— Attach a Simonis swivel to each end of’ the Denham pin. 

*“FCdrnect two traction cords, one to each swivel. 

— Keeping the cords parallel, pass each cord over a separate 
pulley at the foot of the bed. 

— Attach a 5 lb (2.3 kg) weight to EACH cord, making a total 
traction, weight of 10 Ib (4.6 kg). 

— Elevate the foot of the bed by one inch (2.5 cm) for each 1 Ib 
(0.46 kg) of traction weight. 

— Arrange for a radiograph to be taken. 

— Start active ankle movements immediately and ae flexion 


as soon as the patient is able to do so. 


HAMILTON RUSSELL TRACTION 


Hamilton Russell traction (Russell, 1924) is used in the management of fractures 
of the femoral shaft and after arthropiasty operations on the hip. 


APPLICATION OF HAMILTON RUSSELL 
TRACTION 


~ 


See igure 4.3. ; 
— Apply skin traction to the limb below the knee., 


— Attach a pulley to thə spreader. ey sey oie 
4 PaaS A A 2i 5 AEA EE OREN Wartansiatasad 


Fig. 4.3 Hamilton Russell traction. 
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— Place a soft broad sling.under the knee. -: : keuk pos 
— Support the limb, with the knee slightly flexed, on two soft - 
pillows, ‘one above and the other below the knee, with the | 
_ heel clear of the bed. : : : vi ge agt 
— Attach a length of cord to the knee-sling. 
— Pass the cord over pulley A which is placed well distal to, not 
proximal to the knee, round one of the pulleys B, round pulley 
C and then around the other pulley B before attaching it toa 
weight. The pulleys 8 must be at the same level as the foot 
. of the patient when the leg is lying horizontally on a pillow 
+ 32 (Fig...4.3). - : 
— Elevate the foot of the bed. | 
fies Suggested weights:. in > aS 
: „Adults — 8 Ib (3.6 kg). -> c p s. E 
z {yJofants and older children — }-4 Ib (0.28-1.8 kg). 


te 


THEORY OF HAMILTON RUSSELL TRACTION (Fig. 4.4) 


The two pulley blocks B at the foot of the bed nominally double the pull on the 
limb. In practice the pull is modified by the friction present in the system. The 
resultant of the two forces acting along the cord provides a pull in the line of the 
shaft of the femur. i 

$ l y 
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Fig. 4.4 Theory of Hamilton Russell traction. The construction of a parallelogram of forces 
shows that the resultant force acts in the line of the femoral shaft. 


TULLOCH BROWN TRACTION 


Tulloch Brown, or U-loop tibial pin, traction and suspension (Nangle, 1951) 
with a Nissen foot plate and stirrup (Nissen, 1971), is used for the management 
of patients who have had a cup arthroplasty or pseudarthrosis operation on the 
hip, or who have sustained a fracture of the shaft of the femur. It is not used in 


children. 
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? 
APPLICATION OF TULLOCH BROWN 


TRACTION 

See Figure 4.5. as 

— Insert a Steinmann pin through the upper end of the tibia. 

— Support the leg on slings suspended from the light dural:imin 
U-loop which is slipped over the ends of the Steinmann pin. 

Note: The proximal ends of the U-loop have two staggered 

lines of holes (Figs 4.5 and 4.7). This arrangement gives a , 
wide choice in the mode of attachment of the U-loop to the 


Fig. 4.5 Tulloch Brown U-loop tibial pin traction. Alternatively the traction cords can be 
arranged as for Hamilton Russell traction (Fig. 4.3). A Nissen foot plaie can be attached to the 
U-loop to maintain dorsiflexion at the ankle. 


Nisson Stirrup 


Steinmann Pin 


Nissen U-Loop 


Fig. 4.6 Nissen stirrup. Inserts show detail of attachment to the Steinmann pin. 
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Steinmann pin. By varying the holes used, it is possible to 
ensure that the U-loop lies evenly on each side of the leg. 
Care must be taken that the slings supporting the calf are 
`- not tight, otherwise compression of the tissues of the leg will 
occur between the proximal edge of the sling nearest the 
Knee, and the Stelnmann pin. 
— Attach the Nissen stirrup (Fig. 4.6) to the Steinmann pin. 
This stirrup enables the leg to be suspended and rotation of 
_ the limb to be controlled. 
— Mount the detachable Perspex foot plate on the U- -loop to 
: support the foot (Fig. 4.7). The foot plate prevents equinus 
* of the ankle. In addition, as the attachment of the foot plate 
to the U-loop is not rigid, the leg muscles can be exercised. 
— Use a simple pulley (Fig. 4.5) or Hamilton Russell system 
(Fig. 4.3) for suspension. 
— Elevate the foot of the bed. 


Fig. 4.7 Detail of Nissen foot plate and U-loop, 


NINETY/NINETY TRACTION 


Ninety/ninety traction was originally devised by Obletz (1946) as an aid to the 
operative and early post-operative management of compound fractures of the 
femur with wounds of the posterior aspect of the thigh, sustained in the battles in 


North Africa during World War II. ` 
Subtrochanteric fractures and those in the proximal third of the shaft of the 


femur can be difficult to manage in a Thomas’s splint because the proximal 
fragment tends to be flexed and abducted by the muscles attached to it. Although 
the distal fragment can be aligned with the proximal fragment, the position is 
frequently lost because of the patient moving in bed. Management of these 
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fractures and compound fractures of the femur with posterior wounds, is easier 
with 90/90 traction in which the hip and the knee joints are both flexed to 90 
degrees. 

Skeletal traction is applied cither through the lower end of the femur, which is 
more efficient, or through the upper end of the tibia. It can be used in the 
management of fractures in children as well’as adults. In children, great care 
must be taken to avoid damage to the epiphyseal growth plates. 

Humberger and Eyring (1969) reported on the use of 90/90 traction in the 
treaiment of eighty-one fractures of the shaft of the femur in children, with 
skeletal traction through the upper end of the tibia. They did not find any 
evidence of injury to or growth disturbance of the proximal tibial epiphysis, 
limitation of movement or instability of the knee or cases of ischaemic 
contracture, They did observe however that children over the age of ten years, or 
those who weighed in excess of 99 Ib (45 kg) tended to develop pain in the knee 
after about four weeks in traction. They therefore do not recommend the use of 
90/90 traction with an upper tibial pin in such children. 


HOW TO SUPPORT THE LEG IN 
90/90 TRACTION 


In 90/90 traction the leg can be supported in a number of , 
different ways. Three methods of support are described. They 

can be used when a Steinmann pin is placed either through the 
lower end of the femur or the upper end of the tibia. 


1. Using a Tulloch Brown U-loop (Fig. 4.8) 


Fig. 4.8 90/90 traction using Tulloch Brown U-loop. 


SLIDING TRACTION 35 


Succ. by EISS TETE A E E wed iay H 

FIE AN, rown? U J:igop;(s06ip 332) to, the: Sieininann. ‘pin, 
Arrange, padded’ ‘sling to‘support, the: ‘calf;;Take.great care, ae 
‘Elespecially if.an.u upper fibial § Steinmann. pin, is, used, that | thats 
tis sues.of.thé calf. „are Rot.compresséd. ail. 


i Attach, a. Nissen foot plate, 725: S 2 tes eee Si 
ts STlaa cord. to the loop.at the distal and ofthe: Upon cand» 
n ae 8S5, it; ivertically. upwards over. a “pulley” $ 5i 


22 Attach sufficient :weight to this ‘cord to keep the’ tea. 
egrsuspended: with:the. .knee- flexed , t0, 90: degrees. 


et ies i 
Using: ‘a: Tonan pin “(Fig: % Za 
S Noh. A ote ia 


86 sčohd, ‘Steinmann pin through: ‘the Tower ae ol oe 


Bae oe 


tio tha? oe: E S the leg. , 


> t uft pain Bi 
rae withthe: khs: flexa HA0390.¢ se wg 


ERY Ce Re Aes Be DOETS, 


Fig. 4.8 90/90 traction using a second Steinmann through the lower end of the tibia. 
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VIET? 


Fig. 4.10 90/90 traction using a below-knee plaster cast. 


- Tie: a ‘cord na the. distal part of ‘thet ‘pass. it Vertically 5 


: tacts over a pulley: and: ‘attach sufficient Weight to it to es 


APPLICATION: OF 90/90 FACTION 


— chen we 


— Use ‘general’ aneesthesia and take full? ptic, precautions: : 
— Insert a Steinmann pin for adults, or a Kirschner wire for. 
children through the lower end of the femur, or the upper end 
of the tibia. Flex the knee to 90 degrees. before inserting the -. 
pin/wire through the lower end of the femur; ‘so that the soft . 
tissues move into the positions in which’ they will lie when 
the limb is in traction. „Take great care t o'avoid samage to the - 


i? be' ‘a6 ‘great’that the buttock. on: n that: ate lifted off. the, ede 
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otherwise valgus angulation at the fracture site can occur 
(Brooker and Schmeisser, 1980). 

-© Warus/valgus angulation at the fracture site is controlled by 
Moving the pulley, over which the traction cord passes, in a 
plane across the width of the bed: 

Rotation Is controllad by the knee being flexed, and by 
ensuring that when the patient is viawed from the foot of the 

, bed, the leg and thigh are In tine. 

— As union of the fracture occurs, encourage active hip and 
-knee exercises, especially extension, gradually lower the limb 
„into a more horizonta! position. As this is done, the foot of 
the bed may require to be elevated to provide counter- 
traction. : i 


DANGERS OF NINETY/NINETY TRACTION 


1. Those of skeletal traction {see p. 10) 

2. Stiffness and Joss of extension of the knee 

3. Flexion contracture of the hip 

4. Injury to the lower femoral or upper tibial epiphyseal growth 
-- plates in children 

5. Neurovascular damage. 


SLIDING TRACTION IN A FISK SPLINT 


The treatment of fractures of the femoral shaft and tibia} condyles with sliding 
traction in a Fisk splint (Fig. 2. 1.6) differs from other conservative methods (Fisk, 
1944). With fixed traction in a Thomas’s splint the knee is held in almost full 
extension, and little movement is possible. With sliding traction in a ‘homas’s 
splint with 2 knee-flexion piece, some active flexion and extension of the knee is 
possible, but little movement occurs at the hip, which is in flexion. When a Fisk 
splint is used, the patient, as soon as possible, begins assisted movement of the 
lower limb, which is moved as one unit as though the patient were walking. 
Passive movements are not encouraged (see Ch. 5). 

Inhibition of muscular contraction is usually present for the first few days, but 
within two to three weeks powerful contractions are established. While the limb 
is exercised, variations in the line of the traction cord relative to the long axis of 
the femur, and angulation at the fracture site occur, but neither appear to 
adversely influence the result. Clinical union is present at four to six weeks and 
sound bony union occurs commonly by twelve weeks at which tme a wide range 
of movement at the knee is present. : 
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APPLICATION OF SLIDING TRACTION WITH 
A FISK SPLINT 


Adjust the splint to accommodate the limb (see Ch. 2). 

— Fashion slings to support the thigh and calf. 

— Insert an upper tibial Steinmann pin under general anaesthesia 
for fractures of the femur. Use skin traction for fractures of 
the tibial condyles. 

— Attach a traction cord to each end of the Steinmann pin (Fig. 
5.6) and tie these cords, which must be long enough to clear 
the foot, to a transverse wooden rod about 6 inches (15.0 
cm) long. past ‘ 

— Pass the prepared splint over the limb. . 

— Manipulate the fracture (see Ch. 3). 

— Adjust the position of the thigh pad to maintain the normal 
anterior bowing of the femoral shaft. 

— Tie a single cord to the centre of the wooden rod, pass the 
cord over a pulley at the foot of the bed and attach a weight. 
After six weeks the initial traction weight is reduced to 6-8 
Ib (2.7-3.6 kg). 

— Suspend the Fisk splint (see Ch. 5). 

— Check that the traction cord is in line with the shaft of the - 
femur when the splint is suspended and the hip is flexed 45 
degrees. p 

— Elevate the foot of the bed. zih 


SLIDING TRACTION WITH A THOMAS’S 
SPLINT AND A KNEE-FLEXION PIECE 


Sliding traction in a Thomas’s splint with a knee-flexion picce (Fig. 4.11) is ofen 
employed to obtain the reduction of an oblique or spiral fracture of the shaft of 


Fig. 4.11 Sliding traction — skeletal. The lower limb rests in a Thomas's splint and a knee- 
Nexion piece. A Steinmann pin is inserted through the upper end of the tibia. A traction cord 
passes from the pin over a pulley to the traction weight. The foot of the bedi is raised tọ provide 
counter-traction, 
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the femur, and then to retain that reduction until union occurs. The use of a 
knee-flexion piece allows casier mobilisation of the knee. In addition knee Nexion 
controls rotation, prevents stretching of the posterior capsule and posterior 
cruciate ligament of the knee, which might cause hyperextension instability, and! 
allows variation in the direction of pull when a tibial Steinmann pin is used. 


APPLICATION OF SLIDING TRACTION WITH 
A THOMAS'S SPLINT AND KNEE-FLEXION 
PIECE 


— haces hex correct size ae Thomas’ s splint (ies Ch. 2). 

— Fashion slings on the knea-flaxion piece and the proximal part 
of the Thomas's splint, and line the slings with Gamgee 
tissue. 

— Insert an upper tibial Steinmann pin. : 

— Pass the prepared Thomas's splint over the limb, and rest the 

_ limb on the padded slings. Remember the large pad under the 
_.. lower part of the thigh. 
= — - Check that the hinge of the knee- flexion piece lies at the level 

eof the adductor tubercle of the femur. , 

— Suspend the distal end of the knee-flexion piece by two 

` cords, one on each side, from the distal end of the Thomas’s 

i: splint. The length of cord is such that the knee is flexed 

20-30 degrees. {The extended position is regarded as zero 

_ degrees and flexion is measured from this starting position —_ 
-<¢american Academy of Orthopaedic Surgeons, 1965.) With a ae? 
“supracondylar fracture of the femur, the distal fragmant is © i4, 

usually. t tilted ‘anteriorly: upon’ the'shaft:'To correct anterior% 
tilting. knée flexion is increased, “the amount of knee’ flexion sits 
quired ‘being determined radiographically. The end of the” 2:7" 
knee- flexion piece may be suspended independently by a Cord: 

attached to a weight {see Ch. 5}, ‘This arrangement allows 
greater freedom of knee movement. 

Suspend ‘the Thomas’s splint (sea Ch; Bho Hany : 
Adjust the position of the thigh pad and the tension in the > 

sting supporting. the pad to. obtain: the: normal anterior bowing a 

= of the femoral shaft. | > Ayer ae f 

=A a Bnei sirup aMi cord to the Steinmann pin. < “4 

— Pass the cord over a pulley at the foot of the bed so that the `` 

X bord: ‘Is in line with the shaft of the femur. a 

“attach: a weight to the cord.) 7%" sche, 
co Bandage. the thigh into.the Thomas’ S splint. | 2 yea ol 
— Elevate the foot of the bed. a sae oe : 


. 
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SLIDING TRACTION WITH A ‘FIXED’ 
THOMAS’S. SPLINT 


Pewter aed 
When aing traction with a Thomas's splint is employed in the treatment of a 


fracture of the shaft of the femur, there is a tendency for the splint to slip down 
the limb. This can be avoided by the careful arrangement of the suspension cords 
(see Ch. 5) or by fixing the traction cords from the patient to the splint, and then 
pulling on the splint. By this means the traction force passes via the splint to the 
lower limb (Strange, 1972). A knee-fexion piece is not used. 


APPLICATION OF SLIDING TRACTION WITH 
A ‘FIXED’ THOMAS’S SPLINT (strange, 1972) 


See Figure 4.12. s 

— Choose the correct size of Thomas’ s splint (see Ch. 2). 

— Pass the Thomas’s splint over the limb while maintaining . 
gentle manual traction... +. 

— Under local or general anaesthesia, insert a 3 Steinmann pin ` 
through the upper end. of the tibia. ejay =i: ‘ 
— Attach the traction cords to the Stewie pin using clamps. 

— Twist the cords twice around the side oe of the Thomas's 
splint. : 

— Push the Thomas’s splint in into the groin a as eer as possible and 
at the same time apply gentle steady traction to the cords. 
This achieves the optimal position. - 

— Tie the cords over the distal end of the, Thomas’ s Kapar using, 


with, the foot., 


Fig. 4.12 Sliding traction with a ‘fixed’ Thomas's splint. Note th: 
pi roy Be verte radna Me m in e that the Kirschner wire strainer 
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— Fashion slings of domette (see Ch. 2) and adjust the tension 
-in the slings to maintain the normal anterior bowing of the 
~ghaft of the femur and uniform support of the limb. A thigh . 

pad may be used to maintain the anterior bowing of the shaft 
of the femur, but its use is not essential. 

— Tie a traction cord to the end of the Thomas's splint using a 

clove hitch, then pass the cord over a pulley at the foot of 
the bed and attach it to a spring clip. 

— Clip a weight to the traction cord. A weight of 18 Ib (8.2 kg) 

is adequate for most adults, 

_— Suspend the Thomas’s splint (see Ch. 5, Method 4) so that 
the ‘heel is just off the bed, and the traction cord is in line ae 
with: the splint. Stee ot cae 

= - Elevate the foot of the bed. © “75S l Dh, (eer 


BRYANT’S (OR GALLOWS) TRACTION (Fig. 4.13) 


Bryant's traction (Bryant, 1880) is convenient and satisfactory for the treatment 
of fractures of the shaft of the femur in children up to the age of two years who ° 
weight less than 35-40 Ib (15.9-18.2 kg). Over this age, vascular complications, 


which are discussed later, may occur. 


eee aAa 


Fig. 4.13 Bryant's (gallows) traction. Note that the child's buttocks are lifted just off the bed. 
The knees can be kept slightly Mcxed by applying posterior gutter splints (not illustrated). 
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APPLICATION OF BRYANT’S TRACTION 


— Apply adhesive strapping to both lower limbs {shaving is not 
.anecessary). . 

— See below about the use of posterior gutter splints. 

— Tie the traction cords to an overhead beam. 

~ Tighten the traction cords sufficiently to raise the child's | 
buttocks just clear of the mattress. Counter-traction is 
obtained by the weight of the pelvis and lower trunk. 


Children tolerate this position very well, and good alignment of the fracture is 


obtained. When treating a fracture of the shaft of the nor in a young child, it is 
preferable to allow the fragments to overlap about 4 inch (1.25 cm), as 
subsequent overgrowth in length of the femur occurs due to hyperaemia of the 


limb consequent upon the fracture. 


Fractures in children unite rapidly. It is therefore seldom necessary to 


maintain teaction for more than four weeks. 


} ; 
Inportant: check the state of the circulation in the limbs Srequently, because of the 


danger of vascular complications (sce below). 


VASCULAR COMPLICATIONS OF 
BRYANT’S TRACTION 


A careful check must be kept upon the state of the circutation 
in both limbs, especially during the first 24 to 72 hours after the 
application of the traction, because vascular complications may 
occur in either the injured or the normal limb. 


HOW TO CHECK THE | STATE OF 
THE CIRCULATION =: : F 


— Observe the colour and, temperatis of. both Talo. 

— Dorsiflex both ankles passively. Dorsiflexion should be full | 
and painless. It dorsiflexion is limited or painful, muscle 
ischaemia may be present, therefore lower the limbs and 
remove all bandaging and, adhesive strapping immediately. . 


A number of authors (Thompson and Mahoney, 1951; Miller et al, 1952; 


Nicholson et al, 1955; Lidge, 1959) have reported vascular complications 
varying from ischaemic fibrosis of the calf muscles to frank gangrene, following 
the use of Bryant’s traction in children aged 3-8 years. 


Nicholson et al, (1955) recorded the blood pressure at the ankles of children 


aged 1-8 years whose lower limbs were in the position as for Bryant’s traction. 
‘They found a permanent reduction in the blood pressure at the ankles, which 
P ? 

was in almost direct proportion to the hydrostatic pressure necessary tomaintain 
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a column of water at the height of the ankles aboye the heart. This reduction in 
the blood pressure was particularly proportional in children over the age of two 
years. i 

These authors also investigated the influence of hyperextension at the knee on 
the blood pressure at the ankles. They found, in children under the age of two 
years, that hyperextension at the knees with or without traction and irrespective 
ef the position of the lower limbs, did not have any appreciable effect upon the 
blood pressure. In children over the age of 4 years however, the blood pressure at 
the ankles was reduced to zero when traction was applied with the knees 
hyperextended 2nd when the lower limbs, without traction but with the knees 
hyperextended, were raised to the vertical. 

Nicholson et a! (1955) concluded that in Bryant's traction the blood pressure at 
the aakles in children under the age of 2 years is insignificantly aflected even 
with hyperextension at the Knees; that between the ages of 2 and 4 years the 

circulation is precarious; and over the age of 4 years the circulation is definitely 
impaired. 

Lidge (1959) stated that the use of Bryant's traction should be limited to 

children under 4 years old and to those weighing less than 35-40 lb (15.9-18.2 
kg). 
The use of Bryant’s traction is reasonably safe in children under the age of 2 
years. Between the ages of 2—4 years vascular complications are more likely to 
occur, but their occurrence is less likely if posterior gutter splints are applied to 
keep the knees in slight Nexion. Over the age of 4 years the use of Bryant's 


traction is absolutely contraindicated. 
In older children fractures of the shaft of the femur may be adequately treated 


in Buck’s traction or in still older and lger children by fixed traction in a 
suspended Thomas's splint. 


MODIFIED BRYANT’S TRACTION 


Modified Bryant’s traction (Fig. 4.14) is sometimes used in the initial 
management of congenital dislocation of the hip when diagnased over the age of 
one year. Bryant's traction is set up as described above. After five days abduction 
of both hips is begun, abduction being increased by about 10 degrees on alternate 
days. By three weeks the hips should be fully abducted. 


Fig. 4.14 Modified Bryant's traction. The legs initially are vertical. The hips are abducted 
about 10 degrees on alternate days. 
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IMPORTANT 


1. Check the state of the circulation as described above. 

2. Occasionally, after an increase in the degree of abduction of the hips, the 
child will become restless and scream repeatedly with pain. The pain results 
from stretching of the capsule of the hip joint by impingement of the femoral 
head on the superior lip of the acetabulum. This occurs when abduction is 
commenced before the femoral head has been pulled down to lie opposite the 
acetabulum. Decreasing the degree of abduction will relieve the pain. 


SLIDING TRACTION WITH A 
BOHLER-BRAUN FRAME 


Sliding traction with a Béhler-Braun frame (Böhler, 1929) can be used for 
management of fractures of the tibia or femur. It is more commonly used on the 
continent of Europe. Although skin traction can.be employed, skeletal traction is 
usually used. 

The Béhler-Braun frame is illustrated in Figure 4.15. Also indicated are the 
pulleys over which the cords pass when a femoral or tibial fracture is treated. 


a 


Fig. 4.13 Bohler-Braun frame, showing the pulleys which are used shen treating femoral or 
tibial fractures. 


APPLICATION OF SLIDING TRACTION WITH 
A BOHLER-BRAUN FRAME * 


— Suspend slings between the boreal Bees Oi We frane td 
support the thigh and mo Cover the. ə slings with Gamgee 
tissue. - 

— İnsert a ‘Steinmann pin "rough the upper end of the tibia for. 
a femoral. fracture, dr through the lower end of the tibia or 


the ‘calcaneus . for ‘a tibial fracture. ` “is ow « p 
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— Attach a Böhler stirrup to the Steinmann pin. 

— Place the limb on the slings. 

— Attach a cord to the stirrup and pass the cord over r the 
~ required pulley as shown in Figure 4.15. 

— Attach a 7-10 Ib (3.2-4.5 kg) weight to the cord. 

— Elevate tho foot of the bed. 


This method of traction has certain disadvantages. The Béhler-Braun frame rests 
on the patient’s bed, and cannot move with the patient. Nursing care is more 
difficult because the patient is not as mobile as he would be for example in a 
Thomas's splint. The patient’s body and the proximal fragment of the fracture 
can move relative to the distal fragment which is cradled in the splint and is 
therefore relatively immobile. This may predispose to the occurrence of a 
deformity at the fracture site. 


LATERAL UPPER FEMORAL TRACTION 


i 
Lateral traction through the upper part of the femur can be used either by itself, 
or in combination with traction in the long axis of the femur (Fig. 4.16), in the 
management of central fracture-dislocations of the hip, to restore the relationship 
of the weight-bearing part of the femoral head to the dome of the acetabulum. If 
only the superior lip of the acetabulum is fractured, Buck’s, Hamilton Russell or 
Tulloch Brown traction is used. If the fracture involves the posterior rim of the 
acetabulum, and the reduction of the dislocated femoral head is unstable, then 
vertical skeletal traction through the lower end of the femur or the upper end of 


the. tibia can be used. 


Fig. 4.16 Lateral upper femoral traction combined with traction in the long axis of the femur. 
a Wes saree ow we sees ae t 
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APPLICATION OF LATERAL UPPER FEMORAL 
TRACTION 


~ Us@ general anaesthesia.” °° 

— Use full aseptic precautions. iil 

— Do not place a sandbag under either buttock: 

— Make a small longitudinal i incision centred just below the 
most prominent part of the- greater trochanter. 

— Deepen the incision down to bone. 

— Identify on the lateral surface of the femur, a point 1 inch ` 
(2,5 cm) below the most prominent part of the greater 
trochanter, and mid-way between the anterior and posterior 
surfaces of the femur (Fig. 1.8). hate 

— Ask an assistant to rotate the lower limb medially until the . 
patella points vertically upwards. This ensures’ that the 
normal forward angulation (anteversion) of the femoral neck © 
is eliminated, and that the femoral a is ying horizontally 
(Fig. 4.17). 

— Drill a small hole in the lateral cortex of thie jenn using the 
correct size of drill for the coarse-threaded screw, or screw 
eye (Fig. 4.18) seasons pelvic traction Screw" ; Zimmer, 


“USAN Lo Bog ate = = Bees 5 Pas: 


Patella 


Fig. 4.17 With the patella pointing vertically upwards, anteversion of the femoral neck is 
eliminated. 


= 


Fig. 4.18 Screw eye (Zimmer pelvic traction screw). ‘ 


*See Appendix. 
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— Place a finger over the femoral artery at the groin as this 
indicates the position of the head of the. femur. 

— Hold the drill horizontally and direct it cranially towards the 
finger over the femora! artery. 

— Advance the drill 1-2 inches (3.75-5.0 cm) up the femoral 
neck, 

— Remove the drill. 

— Insert the coarse-threaded screw or screw eye. 

— Suture the wound. 

— Attach a traction cord to the screw eye. If a coarse-threaded 
Screw is used, attach a length of stainless steel wire to the 
Screw and then the traction cord to the stainless steel wire 
(Fig. 4.19). 


Fig. 4.19 Stainless steel wire attached to a coarse-threaded screw to obtain lateral upper 
femoral traction. a 


— Pass the traction cord over a pulley at the side of the bed. 

— Attach 10-20 Ib (4.5-9.0 kg) to the traction cord. 

— Tilt the patient's bed, raising it on the affected side to 
Produce counter-traction. If lateral upper femoral traction is 
used in combination with traction in the long axis of the 
femur, the patient’s bed will require to be tilted in two 
Danes, the foot of the bed baing highest on the affected Sde 
and the head of the bed lowest, oh the uoaftentod side (Fig. 
. 4:20). 

= S boang active movements of the hip and knee. 
Lateral traction through the upper end of the femur is 
continued for 4-6 weeks. 
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aed 3 


High Block Low Blocks None 


Fig. 4.20 Method of obtaining tilt of the bed in two planes when lateral upper femoral traction 
is combined with traction in the long axis of the femur. 


AGNES HUNT TRACTION FOR THE 
CORRECTION OF A FLEXION DEFORMITY 
OF THE HIP 
This traction technique is used sometimes to correct a mild flexion deformity 
that has occurred at the hip joint as a result of poliomyelitis. 

For traction.to have any effect upon a flexion deformity at a hip joint, the 
compensatory lumbar lordosis must be eliminated (Duthie and Ferguson, 1973). 


APPLICATION OF AGNES HUNT TRACTION 

(Fig. 4.21) j 

— Lie the patient supine on an orthopaedic table. 

— Flex both hip joints until the lumbar lordosis is abolished. 

— Keep the unaffected hip and knee joints both flexed to ninety 
degrees. . 

— Apply a plaster hip spica cast to include the lumbar spine and :: 
the unaffected lower limb, but NOT the affected lower limb.” +" 

+h we . .t Sant E E 6 i ae anis ee? OLE coren.ces"es eee toe} 


Fig. 4.21 Agnes Hunt traction. The unaffected lower limb is encased in a single hip spica. 
Skin traction is applied to the affected lower limb which rests in a Thomas's splint. 
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— Support the’ encased lower limb with slings and weights.” 
— Apply skin traction to the affected lower limb. ` 
— Thread a prepared Thomas’s splint (see p.14) over we 


`= affected lower limb. 
— Apply traction with the affected hip initially in flexion. As the 


floxlon deformity decreases, gradually lower the Thomas's 

splint. f 
— When the flexion deformity has`been corrected, remove the: 

traction, Thomas's splint and hip spica cast. bas 


PELVIC TRACTION 


In pelvic traction a special canvas harness is buckled around the patient’s pelvis 
Long cords or straps attach the harness to the foot of the bed. When the foot of 
the bed is raised, gravity causes the patient to slide towards the head of the bed. 
The amount by which the foot of the bed must be elevated depends upon the 
patient’s weight: the heavier the patient, the more the foot of the bed must be 
raised. 
This type of traction is used often in the conservative management of a 
prolapsed lumbar intervertebral disc. The function of the traction is to ensure 
that the patient lies quietly in bed, rather than to attempt to distract the vertebral 
bodies. The vertebral bodies can be distracted by traction, but the pull required 
is very much greater than that which can be exerted by this arrangement. i 
Buck’s traction, applied to both lower limbs, with the cosds attached either to 
the foot of the bed, or to traction weights, may be employed also in the 
conservative management of a prolapsed lumbar intervertebral disc. Pelvic 
traction is superior, however, because it leaves the patient’s legs unencumbered 


and therefore able to move freely. 


DUNLOP TRACTION (Fig. 4.22) ° 
I 


i Fig. 4.22 Dunlop traction. The upper arm is abducted 45 degrees, and the elbow is flexed 45 
degrees. 
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Dunlop traction (Dunlop, 1939) is used in the management of supracondylar and 
transcondylar fractures of the humerus in children. This method is useful 
especially if Nexion of the elbow causes circulatory embarrassment with loss of 
the cadja}:pulse. Prietto (1979) states that Dunlop traction, in which the forearm 
is in supination, is best used in the treatment of supracondylar fractures of the 
humerus where the distal fragment is displaced postero-laterally. 


APPLICATION OF DUNLOP TRACTION 


— Apply skin traction to the forearm. ; 

— Place the patient supine on the bed. ser 

— Abduct the shoulder about 45 degrees. °° ` 

— Pass the traction cord over a pulley so piacer that the elbow `- 
is flexed about 45 degrees. 

— Place a padded sling over the distal haneran 

— Attach weights to the traction cord and padded sling, so that 
the upper arm is just clear of the bed with the elbow in about 
45 degrees of flexion. The weights required will depend upon 
the size of the child but often 1-2 Ib (0.5- -1 .O kg) is 
sufficient initially. we 

~ Elevate the same side of the bed as the affected iib Sadir 
pad the side of the cot. E hia ` 

— Under radiographic control, increase ‘the traction ‘Weight “daily 
until a satisfactory reduction of the fracture is obtained. 

— Check the state of the circulation in the limb at HOURLY -5 ~ 
intervals for the first twelve hours, and en twice daily while ae 
the traction weights are being increased. : ; fone 


Note: it is not sufficient, to, determine whether, ihe radial pulse! 
is present or not. ‘Chack'that the child has: Fo active orii "s 
passive extension of the fingers without pain, and that:.:. 0.7. 
sensation in the fingers is normal. tschiaemia of the foresti; 
muscles can be present even in the presence of a radial 

pulse. If ischaemia is present, active extension.of the fingers 
will be absent and passive extension of the fingers will be 
painful. If ischaemia is suspected, discontinue traction 
immediately. It is much beiter to run the risk of mal-union of 
the fracture than Volkmann’s ischaemic contracture of the 
forearm. If this fails to relieve the circulatory embarrassment, 
carry out a closed manipulation of the fracture, before 
proceeding to explorauen: of the brachial aey or fasciotomy. 

of the forearm. ka 


OLECRANON TRACTION (Figs 4.23, 4.24) 


Skeletal traction through the olecranon can be used in the management of 
supracondylar and comminuted fractures of the lower end of the humerus, and 
unstable fractures of the shaft of the humerus. 
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0000 


ulli. 


Fig. 4.23 Olecranon traction. Screw eye and its site of insertion into the ulna. 


Fig. 4.24 Olecranon traction. 


The traction force may be applied either-through a Kirschner wire and 
strainer, or a screw eye* (Ormandy, 1974). The advantages of olecranon traction 
are that with skeletal traction, a greater force can be applied; rotation at the 
fracture site can be controlled by moving the forearm around the longitudinal 
axis of the humerus; and angulation can be corrected by varying the direction of 
pull of the traction weights. 


*See Appendix. 
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APPLICATION OF OLECRANON TRACTION 
1. With Kirschner wire 


— Use general anaesthesia and full aseptic E 

— Ask an assistant to support the forearm across the patient's 
chest with the upper arm elevated and the elbow flexed to 
SO degrees, 

— Identify the point of insertion, of the Kirschner wire — deep to 
the subcutaneous border of the upper end of tha uina, 1} 
inches (3.0 cm) distal to the tip of the olecranon. 

— Pass the Kirschner wire through the ulna from the medial to 
the lateral side. 

— Take care to avoid the ulnar nerve (Fig.. 1.6). 

—~— Attach a Kirschner wise strainer and traction cord. 

Pe, S 


2. With screw eye 


— Use general anaesthesia ‘ene full it aseptic epaian 

— Make a } inch {1.25 cm} fong incision over the subcutaneous 
surface of the olecranon, 14 inches {3.0 cm) distal to the tip 
of the olecranon, and deepen it down to bone. i 

— Drill a į inch (3.0 mm) hole through : the: cortex. 


— Screw in the screw eye (Fig. 4.23). ` 5è 
A number of authors (Lewis, 1977; Freuler et al, 1979; Brooker and 
Schmeisser, 1980) have stated that the upper arm should lie either vertically with 
the forearm across the chest, or horizontally with the shoulder abducied 45 
degrees and the traction cord passing over a laterally placed pulley. In both these 
positions, it is difficult for the patient to move without upsetting the traction 
system. A better position (Fig. 4.24) which allows the patient more freedom of 
movement withour disturbing the traction system, is with the upper arm lying 
almost horizontally and the traction cord passing over a pulley at the foot of the 
bed (see below). 
= Psp 
— Abduct the Shoulder “only” A a degrees” na that the inner 
end of the Kirschner.. wire, ‘will not touch), the patient's chest. 
. — With the upper arm lying almost horizontally; pass the -. 
traction cord over B, pulley. situated at, the, foot of the bed. - 


E Sei os sich énd diwa Kirschner f wire, and à 5 
a . pass them Vertically’ upwards’ over twa: ‘pulleys. situated above = 
cok t thai elbows ir, ag HS pa: > 
-Attach toS Ib 10. B40! ka) to these: “cords. aan oe 
— Make a soft loop between these two cords i in the region of 


- the wrist,. to support the forearm. Yeo goes ae ag oe 


tees 
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— Adjust the welghts until the correct alignment is obtained. 
— Instruct the patient to fully-exercise his fingers and wrist at 


` ‘hourly intervals. 
— Check the circulation, RANEE Ne and movement of the fingers 


; „daily. : toatl ce fe į hace ait a ee care 
eene nae twten tne meee se. te . . men. it dn Loiske ens 


Rotation at the fracture site is controlled by moving the pulleys over which the 
cords from each end of the Kirschner wire pass, cither towards or away from the 
patient. Moving the pulleys towards the patient will cause medial rotation at the 
fracture site, whereas moving the pulleys away from the patient, will cause 
lateral rotation, 

If a screw eye is used in place of a Kirschner wire and strainer skin traction will 


have to be applied to the forearm, to support it. 


METACARPAL PIN TRACTION 


Skeletal traction through the second and third metacarpal bones can be used in 
the management of comminuted fractures of the bones of the forearm — in 
particular 2 comminuted fracture of the lower end of the radius — and in 
combination with olecranon pin traction for fractures of the humerus and the 
bones of the forearm in the same limb. i 


APPLICATION OF METACARPAL PIN 


‘TRACTION -~ è 
iy AFigg: 4.25, 4.26). z + me ®: ee 
i 5, intra oe | 
= “Use ‘general. ERT RE TG 
et. Usefull eseptic: precautions.: dirka ie. tose ae: 


Yia Rute an Assistant, to hold the;limb, by. the “fic ingers and E 
ay eSauleeze.. the.hand to increase, thejtransverse. metacarpal arch., +; 
"ida Pathe; ‘fourth and fifth metacarpals. are-relatively more mobile |: -- 
than the second and third, and therefore Increasing'the -- ve ve 
ii transverse metacarpal arch`will.move the heads of, the fourth D oot 
Or arid fifth metacarpals towards the palm thus ¢ exposing the, as ‘Hh 


frei ie sdistal ends of the second and third metacarpals (Fig. 4. 25)... 3 


Mat. IPED 
> ie 


Kirschner Wire 


Fig. 4.25 Metacarpal pin traction. By squeezing the hand transversely, the transverse 
metacarpal arch is increased. 
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— Insert a Kirschner wire from the radial to the ulnar side, 
through the distal part of the shafts of the second and third 
metacarpals so that the wire is at et angles to the long 

= aiis of the radius (Fig. 1.7). it 

— Avoid the metacarpo-phalangeal joints. t:>: 

— Fit the Kirschner wire strainer, and attach, a traction cord. 

— Pass the traction cord vertically upwards’over a pulley. 

— Attach 3-4 Ib (1.3-1.8 kg) to the cord. %: 

— Arrange a sling over the upper arm to which the weight can 
be attached to provide counter traction (Fig. 4.26). i 


Fig. 4.26 Metacarpal pia traction, using a Kirschner wire strainer, and a canvas siing over the 
upper arm to provide counter-traction. 


After a satisfactory reduction has been obtained, the Kirschner wire can be 
incorporated in an above-elbow plaster cast. 

The main complication of metacarpal pin traction, in addition to the general 
complications of skeletal traction, is fibrosis in the interosseous muscles which 
can cause stiffness of the fingers.. 
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Suspension of appliances 


One initial difficulty in understanding traction is the presence of the many cords 
attached to both the patient and the appliance. The problem is simplified if it is 
recognised that the cords perform two distinct and separate functions: traction, 
described in Chapters }, 3 and 4, and suspension of the appliance. (In the 
illustrations, black is used for suspension cords, and red for traction cords.) 

By suspending appliances the mobility of the patient is increased, nursing is 
easier and the dangers of immobility — thrombosis and embolism, pressure 
sores, muscle wasting, joint stiffness and contractures, pneumonia, 
decalcification, renal stones and urinary infection — are decreased. ' 

The appliance is suspended from an overhead frame by a series of çounter- 
weights attached to it by cords which run over pulleys. A Thomas’s splint can 
also be suspended by springs. The overhead frame is generally referred to as a 
Balkan beam, although each manufacturer uses a different name for his own 


overhead frame. 


THE BALKAN BEAM 


Overhead wooden beams were introduced ducing the Balkan Wars by a Dutch 
ambulance unit in 1903 (Bick, 1948). Today the Balkan beam is made from 
metal tubing which may be of round, square or octagonal cross section, 
depending upon the manufacturer. The methods of fixing the tubing to the bed 
differ, but the basic principle is the same. 

Two uprights, ene attached to each end of the bed, are joined by a longitudinal 
horizontal bar. Other shorter transverse horizontal bars may be attached to the 

uprights and to the longitudinal. horizontal bar. 

When a single Thomas’s splint is to be suspended, only a single Balkan beam 
is required. One upright is attached to the centre of the top of the bed, and the 
other upright is attached to the same side of the foot of the bed as that on which 
the injured limb Lies. If two splints or a plaster bed are to be suspended, two 
Balkan beams are required. The Balkan beams are attached to each side of the 
ends of the bed, and are joined together by the transverse horizontal bars. 
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SUSPENSION CORDS 


Sash cord generally is used to suspend appliances. Easier recognition of the 
function of each cord in a traction-suspension system is possible if cords of two 
different colours are used, for example, red or green for traction cords, and white 
for suspension cords. i 

The cords must be attached firmly to the appliance. If they slip, the eMiciency 
of the system is reduced and the patient may be injured. Many of the remarks 
made below apply also to the attachment of traction cords. 


- 


KNOTS 


Clove hitch (Fig. 5.1). 
A clove hitch is the best knot to use to attach a cord to an appliance, as it is self 


tightening and therefore is less likely to slip. It can be reinforced if necessary 
with a half hitch. 


Ag. gg se 


Clove Hitch Barrel Hitch Reef Knot 
Half Hitch Two Half Hitches 


Fig. 5.1 Clove hitch, barrel hitch, reef knot, half hitch, two half hitches. 


Barrel hitch (Fig. 5.1). 

A barrel hitch is used to attach a single cord to a loop of cord. The position of the 
knot on the cord can be altered easily, by sliding the knot along the loop. When 
the correct position is obtained, the barrel hitch is converted to a reef knot as 


shown in Figure 5.3. 


` Reef knot (Fig. 5.1). 

The cords used in traction-suspension systems should not be joined, as the knots 
may jam in the pulleys. If it should be necessary to join two lengths of cord, a 
reef knot is used. - 


Half hitch (Fig. 5.1) 


Two half hitches (Fig. 5.1) 
After a knot is tied, the cord is cut about 2 inches (5.0. cm) away from the knot. 
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=ğ Zinc Oxide Strapping 


Fig. 5.2 The suspension cord can be taped to the ring of a Thomas’s splint to prevent it 
slipping down the side bar. 


The free end can be bound to the main cord with a short length of zinc oxide or 
similar strapping. The knot itself must not be obscured by the strapping. This 
further reinforces the attachment of the cord to the appliance. 

Even a clove hitch may slip on the side bars of a Thomas’s splint. This can be 
prevented by wrapping a short length of zinc oxide strapping around the side 
bars over which the knot is tied. To further prevent the suspension cord from 
slipping, where it is tied to the upper end of the side bar, tape the cord to the ring 
of the Thomas’s splint (Fig. 5.2). Do not tie the cord around the padded ring of 
the Thomas’s splint as this can cause chafing of the skin. 

The attachment of the cord to a Thomas’s splint can be simplified and time 
saved by using short loops of linen tape. These loops are tied to the side bars of 
the Thomas’s splint in the manner of a barrel hitch (Fig. 5.1). The cords, 
attached to spring clips similar to those on a dog’s lead, are clipped into the tape 
loops (Strange, 1972). Spring clips may be used to attach the cords to the 
weights. 

Lift over 
Barrel hitch | 


tity, Pat E h Reef knot , 
Fig. 5.3 How to convert a barrel hitch into a reef knot. 7 
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PULLEYS 


r 


The function of a pulley is to control the direction of action of the weight 
attached to the end of the cord passing over the pulley. By altering the site of 
attachment of the cord and the pulley, or by using more than one pullcy in the 
system, the force exerted by a given weight car be increased. This is termed the 
mechanical advantage of the system. 

Large pulley wheels of 2-2 inches (5.0-6.25 cm) diameter and with } inch (6 
mm) diameter axles are preferable. Small rough cast pulley wheels, such as used 
for clothes lines, are less efficient. The majority of pulley wheels supplied by the 
manufacturers of orthopaedic supplies are made from Tufnol, nylon or a similar 
synthetic material. All pulleys must be kept clean and oiled where necessary. 

A compound pulley block (Fig. 5.4) consists of four small wheels on a common 
axle and one large wheel on its own axle, s!] enclosed in a common frame. The 
frame can be opened at one side to allow the cords to be slipped on and off the 
wheels. The cords attached to the appliance usually are looped over the smaller ' 
wheels, but if a pulley system with an increased mechanical advantage is 
required, the compound pulley block can be inverted. This arrangement is used 


in suspending a plaster bed (see p. 68). 


Fig. 5.4 -A compound pulley block, used in suspension of s Thomas's splint (Fig. 5.9) and a 
plaster bed (Fag. 5.12). 


When suspending a Thomas’s splint, the pulleys must be positioned correctly 
as the directions in which the cords run from the splint to the pulleys are 
important. The cords by their direction of pull keep the ring of the splint around 
the root of the limb, raise the splint off the mattress and thus enable the patient 
to move freely, and at the same time maintain the splint and thus the distal 
fragment of the fracture in correct alignment with the proximal fragment (Fig. 


5.5). 
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Fig. 5.5 The distal fragment must be reduced to the proximal fragment. With a fracture at the 
junction of the middle and upper thirds of the femur, the proximal fragment is sbducted as well 
as flexed, while the distal fragment is adducted. “Phe splint, carrying the distal fragment, must 
therefore be abducted, otherwise there will be a varus deformity at the fracture site. 


CONTROL OF ROTATION 


Rotation of the Thomas’s splint around its long axis must be controlled, to 
prevent the limb from slipping off the splint and to prevent union of the fracture 
occurring in mal-rotation. Rotation is most likely to occur in a lateral direction. 

The methods employed to control rotation are described below with each 
individual method of suspension of the Thomas’s splint. 


SUSPENSION WEIGHTS 


The amount of weight required to suspend an appliance depends upon the 
weight of the appliance, the weight of the part of the body suspended in the 
appliance, the mechanical advantage of the system employed for suspension, and 
the amount of friction present in the system. 
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The actual amount of weight required is determined by observing the 
behaviour of the suspension system. When the correct amount of weight is 
obtained, the appliance will move readily in all directions with Little effort on the 
part of the patient, will return quickly to the position of rest, and wili maintain 
the appliance in its correct relationship to the patient. 


PREVENTION OF EQUINUS DEFORMITY 
AT THE ANKLE . 


When a lower limb is immobilised in recumbency for any length of time, 
weakness of the muscles of dorsiflexion of the ankle may occur with subsequent 
contraction of the posterior capsule of the ankle joint and the development of 


fixed equinus deformity at the ankle. 
To reduce the risk of this occurring, active dorsiflexion of the ankle niust be 


commenced immediately and be carried out regularly. Fhe risk can be reduced 
further by providing a support for the foot. This can be achieved in several ways. 


Foot piece - 
A U-shaped length of metal is clamped to the side bars of the Thomas’s splint 


level with the sole of the foot. The foot rests upon a sling which passes between 
the limbs of the U-loop. 


Stockinette 
A length of stockinette, knotted at one end, is pulled over the foot like a sock. A 


cord, tied to the knotted end of the stockinette is passed cranially over a pulley to 
a small weight, 


Traction unit 
In a traction unit the foot is supported by the plaster cast. 


Nissen foot plate 
In U-loop tibial pin traction and suspension. 


Elastic 
When a Fisk splint is used, a tong length of elastic can be tied to the eyelets of the 


squared-off frame and passed round the sole of a slipper to which it is stitched 


SUSPENSION OF TULLOCH BROWN 
TIBIAL U-LOOP 
The Tulloch Brown tibial Woop can be suspended either by using the same 


arrangement of cord, pulleys and one weight as employed in Russell traction 
(Fig. 4.3), or by using a simple pulley system and two weights as illustrated in 


Figure 4.5. 
Rotation is controlled by varying the site of attachment of the cord to the 


Nissen stirrup. 
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SUSPENSION OF THE FISK SPLINT (Fisk, 1944) 


The Fisk splint (see Chs 2, 4) is suspended from three points on an overhead 
beam: The end of the knee-flexion piece is suspended by a single cord looped 
over the overhead beam. The length of this cord is such that when the hip is 
flexed to an angle of 45 degrees, the leg is horizontal. The ends of a second long 
loop of cord are attached to the eyelets at the corners of the squared-off frame. 
This second loop passes upwards and cranially over a pulley on the overhead 
beam, situated over the patient’s abdomen. I is attached to a single suspension 
weight of usually 4-8 lb (1.8-3.6 kg) which is passed through the loop by a slip 
knot, and which hangs within easy reach of the patient. This suspension cord is 
at right angles to the long axis of the femur when the hip is flexed to an angle of 


45 degrees (Fig. 5.6). 


Fig. 5.6 Suspension of the Fisk splint. 


The patient flexes his hip, assisting the movement by pulling down oa the 
suspension weight, and at the same time flexes his knee and dorsiflexes his ankle. 
The patient then actively extends-his hip and knee and plantar-flexes his ankle 
while gradually releasing his pull on the suspension weight. Passive movements 
are not encouraged. : d 

Rotation is controlled by varying the length of each attachment of the fixed 
cord to the end of the knee-flexion piece, and by varying the tension in the loop 
of cord attached to the squared-off frame. 
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METHODS OF SUSPENDING. 
A THOMAS’S SPLINT 


Fracture boards are placed under the mattress to ensure a firm base. 

A suspended Thomas's splint is entirely free from the bed, except at its upper 
end where the back of the padded ring rests on the mattress, “Phe patient can 
raise his pelvis off the bed by pulling up with his arms on a patient’s helper, 
aided by downward pressure on the bed with his other foot. The whole of the 
injured limb, from the ischial tuberosity to the foot, moves in one piece with the 
patient’s trunk, and therefore the position of the fracture is unchanged. 


‘ 


USING CORDS, PULLEYS AND WEIGHTS 
A Thomas's splint may be suspended in a number of different ways using, cords, 
pulleys and weights. The details differ but the principles are the same. 

1. The cords must be attached firmly to the splint. Different methods of 
attaching the cords to the splint have been described above. 

2. The Thomas’s splint must not move independently of the lower limb. In 
fixed traction the counter-traction force is directed up the side bars of the splint 
(Fig. 3.1), and therefore the ring of the splint remains around the root of the 
limb. In sliding traction, counter traction is obtained by raising the foot of the 
bed to utilize body weight. The splint only supports the limb. If a cranially- 
directed force is not applied to the splint, the splint may be pulled down the limb 
with serious consequences for the position of the fracture. 

~~ 3. The pulleys must be positioned correctly and run smoothly. 
4. Rotation of the Thomas’s splint must be controlled. 
5. The suspension weights must be adjusted carefully. 


Method one (Fig. 5.7) 
Small loops of cord are formed between the side bars of the splint at each end. 


oa 


Fig. 5.7 Method 1. Suspension of Thomas's splint. Separate suspension cords and weights are 
attached to each end of the Thomas's splint. 
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The suspension cords are attached to the centre of each loop using a barrel hitch, 
and are then passed upwards and cranially to pulleys. From these pulleys the 
cords pass to other pulleys situated at the head or foot of the bed, before running 
vertically down to weights. 

Rotation of the splint is adjusted by moving the position of the knots on the 
proximal and distal loops, until the correct position is obtained, when the barrel 
hitches are converted to reef knots. 

The disadvantages of this system are that the proximal cord passes close to the 
patient's face, the ring of the splint is not adequately retained in the groin, and 


the patient’s mobility is limited. 


Method two (Fig. 5.8) 
Two lengths of cord, one on each side, are attached to each end of the splint. 


Each cord passes over two pulleys. A suspension weight is attached firmly to 
both cords at a point nearer the pelvis. 


Fig. 5.8 Method 2. Suspension of Thomas’s splint. A separate cord passes on cach side from 
the top to the bottom of the Thomas's splint. The suspension weight is firmly attached to both 
cords, more towards the pelvis. 


Rotation is controlled by adjusting the length of each cord. By shortening the 
outer cord slightly, medial rotation of the splint is obtained. 

The disadvantages of this system are that the suspension weight is directly over 
the patient’s thigh and, unless it is attached firmly to the cords, it may fall 
injuring the patient, and the mobility of the patient is limited. 

This system of suspension is Satisfactory for the suspension of a Thomas’ s 
splint when fixed traction is used. 


Method three (Fig. 5.9), 
Dommisse and Nangle (1947) described a method of suspending a Thomas’ s 
splint using a compound pulley block. 
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A 


pa 
= \\_ at en 
Fig. 5.9 Method 3. Suspension of a Thomas's splint. A compound pulley block (Fig. 5-4) i 
used. Two cords pass from top to bottom of the splint, one on cach side, passing over the 
smaller wheels of the compound pulley block. 


Two lengths of cord, one on each side, are attached to each end of the splint. 
These cords must not be too long. Both cords pass over the smaller wheels ofa 
compound pulley block, situated over the patient's thigh. A cord passes up from 
the ring above the larger wheel, over a pulley attached to the overhead frame, 
down and round the larger wheel of the compound pulley block and then up 
again and round a second pulley before passing towards the foot of the bed. 
There the cord passes over another pulley before running vertically down to a 
weight. The arrangement of the pulleys and cords produces a suspension system 
with a mechanical advantage of three to one. A suspension weight of 8 Ib (3.6 kg) 
is usually adequate. ` 

In this arrangement the splint pivots around the smaller wheels of the 
compound pulley bloçk, the height of which can vary. If the proximal end of the 
splint is raised and the distal end lowered, the pulley block moves proximally, 
and the force ‘directed cranially is increased, thus preventing the splint from 
slipping down the leg. 

Ifthe front of the ring of the splint presses upon the patient’s thigh, the pulleys 
attached to the overhead frame are moved cranially. 

Rotation of the splint is controlled by varying the length of the cords attached 
to each end of the splint. Further fine adjustment is obtained by varying the 
position of the cords on the smaller wheels of the pulley block. 

This is an excellent system of suspension and it can be used with either fixed 


_or sliding traction. 


Method four m 
Setting up the suspension systems described above takes time. The time taken 


can be reduced considerably if a bed with an overhead frame, pulleys, cords and 
weights is prepared beforehand. 
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Strange (1972) utilizes such an arrangement with sliding traction with a ‘fixed’ 
Thomas’s splint. The overhead frame (Thanet beam — Fig. 5.10) consists of one 
_ vertical upright attached to the centre of the head of the bed, and two vertical 

uprights‘attached to each side of the foot of the bed. These uprights are joined by 
two longitudinal horizontal bars. From a short transverse horizontal bar attached 
to the top of the single upright at the head of the bed, cight pulleys are 
suspended, four for cach lower limb on cach side of the upright (Fig. 5.10a). 
Four pulleys are attached to each longitudinal horizontal bar, two each at the 
level of the hip and the foot (lig. 5.10b and 5.10c). A second transverse 
horizontal bar carrying two pulleys for the traction cords, joins the two uprights 
at the foot of the bed (Fig. 5.10c). 


Distal 
pulleys 


Proximal 
= pulleys 


Fig. 5.10a Thanet beam. Arrangement of pulleys, cords and weights on horizontal transverse 
bar at the head of the bed (weights in Ibs)« - 


nee 


~—— Pulleys 


Suspension 


Cords 


Four suspension cords 
auached to Thomas's splint 


Suspension weights x4 


Fig. 5.10c Thanet beam, Side view. . 
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Eight cords with spring clips attached to each end are threaded through each of 
the eight pulleys suspended from the transverse bar at the head of the bed. 
Weights, which hang down behind the head of the bed, are attached to one end 
of each cord (Fig. 5.10a). The bed is thus ready to receive a patient. 

Four suspension cords which must be at right angles to the splint are attached 
by the spring clips to loops of tape placed around the side bars of the Thomas's 
splint. The proximal loops are situated at the padded ring and the distal loops 
level with the foot. The weights attached to the two cords from the outer side bar 
of the splint are one pound (0.46 kg) heavier than those attached to the 
corresponding cords from the inner side bar (Fig. 5.11). In this way lateral 
rotation of the splint is controlled. Listed below are the suspension weights 
commonly used for adults. They have to be modified only rarely. 


5.0 Ib. (2.3 kg} 401b. {1 8 kg) 


3.0 Ib. (1.4 ky) 


4.0 Ib. (1.8 kg} 


Fig. 5.11 Methdd 4. Suspension of Thomas's splint. Arrangement of suspension weights for 
sliding traction in a ‘fixed’ Thomas’s splint, using a Thanet beam (Strange, 1972). 


Proximal end of splint, outer side bar — 51b (2.3 kg) 
inner side bar — 4 Ib (1.8 kg) 
Distal end of splint, outer side bar — 4 Ib (1.8 kg) 
inner side bar — 3 Ib (1.4 kg) 


As sliding traction with a ‘fixed’ Thomas’s splint is employed with this system 
of suspension, the suspension cords only have to suspend the splint; they do not 
have to maintain the position of the splint on the limb. The patient rapidly 
becomes very mobile, so mobile in fact that within two or three weeks of injury 
he is able to climb onto the overhead frame or stand by the side of his bed on his 
sound limb without any displacement of the fracture occurring. 
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USING SPRINGS 


A Thomas's splint, to which a Böhler sti 

e stur 
st aag tte inna he nen fo 
et ay a Sings sn incorporate ihh 

p rin T 

Böhler stirrup to the overhead 3 a g passes upwards and cranially from the 

Springs, of three different tensions l 

; S, which ò 

length when lax and which stretch 6 ieke freg Serag w ye in 
i :sponse to pulls of 15, 


20, and 25 Ib (6.8, 9.0, and 11.3 kg) re : 
spring of intermediate tension is a Reape ane aliie Tiy tbe 


Rotation is cont 


rolled by varying th 
stirrup. e attachment of the spring to the Böhler 


SUSPENSION OF A PLASTER BED 


Dommisse and Nangle (1947) and N 
angle (19 A 
plaster bed ts be suspended, using = aa a method by which a 
: ‘oi S. 

Two ei cad = joined together by cela bar ; 
ice ar ea a evel of the shoulders must be 12 ee 
than the one at the level of the knees, to give the suspensi (30.0 cm) longer 
to prevent the weights fron Gilling wach tts pension cords a clear run and 

av er, 
ee parn ee Ms oe to a wooden frame provided with 

ne go E is ie just below the shoulders and th vith two cross bars. 

knees. e shoulder bar must be long enough to prev puny tevel with the 
» from rubbing on the patient’s arms. prevent the suspension cords 


A compound pulley is inverted and 
attached to 
fth " F : each end of 
; pie pe ; shanna frame. Two sowie pulleys are pee = shoulder and 
each level to aperar: horizontal bars of the ove H each side at 
arrangement of the cords and puileys is illustrated ie Te ee e 
"gure E yA The 


i G A 
mechanical ads antage in the shoulder and knee syst i 
to one respectively. ystems is four to one and three 


Fig. 5.12 Arrangement of cords for suspensi 
which cords run, The compound pull pension of a plaster bed. Note: i 
} eae are : arrows sh ion’ 
plaster bed, in opposite directions rp eye wooden frame which soma in 
é nees. 


* See Appendix. 
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The amount of weight required is determined for cach patient. An average 
adult requires two 14 lb (6.3 kg) weights for the shoulder system and two 8 Ib 
(3.6 kg) weights for the knee systm. The effect of these weights multiplied by the 
mechanical advantage (MA) of the pulley systems is as follows: 


Shoulder bar system 2 x (14 Ib x 4) = 112 Ib (50.4 kg) 
Knee bar system 2 x ( 8 lb x 3) = 48 Ib (21.6 kg) 


Total lift = 160 Ib (72.0 kg) 


The counter-weights must be heavy enough to enable the patient and the 
plaster bed to be raised easily from the bed and to remain suspended. 


SUSPENSION OF A PELVIC SLING 


Minor pelvic fractures, for example isolated fractures of the pubic or ischial 
rami, are treated by rest in bed. When the pelvic ring has been opened out, a 
pelvic sling is used (Fig. 5.13). A pelvic sling is made from heavy canvas or 
Terylene 12 inches (30.0 cm) wide. It has hems at each side through which large 
diameter wooden or steel rods are passed. Cords pass from the pelvic sling over 
pulleys to weights. 


Fig. 8.13" Pelvic sling. The pelvic sling lies between the symphysis pubis and the posterior iliac 
crests. Sufficient weights are used to just lifi the buttocks off the bed. There are pillows under 
the back and the head. The suspension cords are crossed if inward pressure is required. 


APPLICATION OF A PELVIC SLING 


— Place the pelvic sling under the buttocks, to lie between the 
symphysis pubis and the posterior iliac crests, 
— Attach a cord to each end of the rods. 
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— Pass the cords over pulleys situated above the pelvic sling, 
and attach sufficient weights to lift the cep buttocks 
just clear of the mattress. 

— Place pillows under the patient's shoulders and back, to keep 
the patient horizontal and to avoid the sling’s slipping up OF 
down. 

' — To close the pelvic ring, cross the suspension cords to 
produce an inward pressure. 

— Combine a pelvic sling with skeletal limb traction when there 
is upward displacement of one side of the pelvis. __ ‘ 


REFERENCES 


Bick, E.M. (1948) Source Book of Orthopaedics, p. 284. Baltimore: Williams & Wilkins. 
Denman, E.E. (1962) Spring suspension for Thomas's splint. British Medical Journal, ii, 
Dommisse, G.F. & Nangle, E.J. (1947) The elimination of apparatus inertia in the treatment © 

fractures. Britisk Journal of Surgery, 34, 395. 
Fisk, G.R. (1944) The fractured femoral shafi: new approach 10 the problem. Lancet, i, 659- 
Nangle, E.J. (1951) Instruments and Apparatus in Orthopaedic Surgery, p. 89. Oxford: Blackwell 
Strange, F.G. Se C. (1972) Personal communication. 


47. 
i 


Spinal traction. 


Traction is required in the management af some conditions of the cervical, 
thoracic and jumbar spines. 

In conditions of the cervical spine non-skeletal traction is obtained by applying 
a halter around the head, and skeletal traction by gaining purchase on the outer 
table of the skull with metal pins. A cord passes from the apparatus over a pulley, 
attached to the head of the bed, to a traction weight. 

When traction is required for correction of deformities of the thoracic and 
lumbar spines, skeletal traction using the halo-pelvic method is employed, 


HALTER OR NON-SKELETAL TRACTION 


Halter traction is uncomfortable if it is applied continuously for more than a few 
hours. Jt is reserved usually for use in the treatment of cervical spondylosis as an 
out-patient. : 


A canvas or chamois leather head halter (Fig. 6.1) 

This may be used. One part-is placed under the chin and the other under the 
occiput. A metal spreader hooks onto the two side pieces to avoid lateral 
compression of the soft tissues when traction is applied. A cord from the metal 
spreader passes over a pulley fixed to the top of the bed and is attached to 
weights. The maximum weight which can be attached is 3-5 Ib (1.4-2,3 kẹ). 
Pressure sores may develop under the chin or occiput, and in men beard growth 
may be troublesome. Eating is difficult. 


The Crile head halter (Fig. 6.2) 
- This consists of a well-padded curved metal bar, resembling a horse collar, which 
is placed under the occiput. A padded forehead piece is attached by straps to the 
occipital piece. The chin is free. The maximum weight which can be attached is 
3-5 Ib (1.4-2.3 kg). 

The head of ihe bed must be raised to provide counter-traction. 
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Fig. 6.1 Canvas head halter. 


Fig. 6.2 Crile head halter. 
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SKULL OR SKELETAL TRACTION 


Skull traction (Crutchfield, 1933) is achieved by gaining purchase on the outer 
table of the skull with metal pins. The metal pins are inserted under local 
anaesthesia. General anaesthesia is not used thus decreasing the risk of damage to 
the cervical spinal cord. Crutchfieid or Cone (Barton) tongs or a halo splint may 
be used. A traction weight of 20-40 Ib (9.1-18.2 kg) can be applied. 

Skull traction is used commonly in the management of serious injuries to the 
cervical spine to reduce a dislocation or fracture-dislocation. In traction, the 
fracture or fracture-dislocation is under control and injury to the spinal cord is 
less likely to occur. Skull traction is used also fo maintain the position of the 
cervical spine before and after operative fusion and for the treatment of cervical 
spondylosis with severe nerve root compression symptoms. 


Crutchfield tongs (Fig. 6.3) 
Crutchfield tongs fit into the parietal bones. A special drill point with a shoulder 
is used to enable an accurate depth of hole to be drilled (Crutchfield, 1954). 


Minimum 10cm 


Fig, 6.3 Crutchfield tongs. Note that the points of the tongs are almost at right angles to the 
line of traction, The insert shows the special drill point with a shoulder which is used. 


APPLICATION OF CRUTCHFIELD TONGS, 
~Sedatthe' RAA es 8. eo 


- Shave the: ‘scalp locally. Excessive dein is very distrabsing® 
to the: patient. 


— Draw a line on the 6calp, bisecting the skull from front to 
back (Fig. 6.4). 
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-ale => 


Fig. 6.4 Skull markings for positioning Crutchfield tongs. A vertical line through the tips of 
the mastoid processes crosses at right angles a second line bisecting the skull from front to back. 


— Draw a second line joining the tips of the mastoid processes 
{the plane of the cervical articulations) which crosses the first 
line at right angles (Fig. 6.4). 

— Fully open out the tongs. 

— With the fully open tongs lying equally on each side of the 
antero-posterior line, press the points into the scalp making 
dimples on the second line. 

— Infiltrate the area of the dimples down to and including the 
periosteum, with local anaesthetic solution. 

— Make small stab wounds in the scalp at the dimples. 

— Using the special drill point, drill through the outer table of 
the skull in a direction parallel to the points of the tongs. The 
drill point is inserted to a depth of 3 millimetres in children, 

` care being taken because of the scanty diploic space, and 4 
millimetres in adults. 

— Fit the points of the tongs into the drill sholes. 

‘— Tighten the adjustment screw until a tirin grip is obtained, 
and repeat daily for the first 3 to 4 daysxand then tighten 
when necessary. as 

— Attach a traction cord to the two luga y. 

— Attach a weight to the traction cord ee p. 80). 

— Raise the head of the bed to provide counter-traction. 
Elevation must be increased as the traction weight is ` 
increased (Fig. 6. 5). t 


E A EEE oe 


Fig. 6.5 The head of the bed is raised to provide counter-traction. Note the pillow behind the 
neck, not behind the head. 
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FAILURE OF THE PROCEDURE | ' 


Crutchfield (1954) stated that failure may be due to 
several factors. 


1. The use of a faulty instrument. When opened out fully, the 
distance between the points should be 11 cm and certainly 
not less than 10 cm (Fig. 6.3). 


2. Pins that are not long enough to prevent the arms of the 
tongs from crushing the scalp must not be used. In addition 
the pins must be set obliquely enough to the arms of the 
tongs, to ensure that they penetrate the diploe almost at right 
angles to the line of traction. 


3. Placing the drill holes too close together in the skull. 
4. Insufficient penetration of the skull. 
5. Failure to keep the tongs tight. 


Cone (Barton) tongs 

The tongs were designed by Barton (Cone and Turner, 1937). A drill is not 
requiced for their insertion (Fig. 6.6). The threaded steel points are screwed into 
the parietal bones behind the ears. 


Fig. 6.6 Cone (Barton) tongs. No separate drilling is required. The special steel points are 


76 TRACTION AND ORTHOPAEDIC APPLIANCES 


APPLICATION OF: CONE | (BA ALON) TONGS: 


g i 


sa Sedate the patient. à ii isinneipi isi r 
— Draw a line up from the tip of the mastoid,procėss, to cross, Ee 


the. sagittal plane | at right, angles, (Figs 6,7)., ah Octet we iPr 


iii hNi a 


i 


Fig. 6.7 Skull markings for Cone tongs. A vertical line through the mastoid processes, Crosses 
at right angles a second line bisecting the skull from front to back. 


— - Shave the skull above; iand behind. the areal: 


“conical ends lie on “the: line drawn "aboy! ae VRAN REN 
— Infiltrate this area with local beet a e t s 
— Reapply the tongs with the conical ends" pressed firmly * 
against the scalp,.and then make two’small stab ‘wounds. - 

— Insert both steel points into the conical: ends ‘and tighten each 
one alternately, driving the points through. the outer table of 

ș the skull.. ii y , 


— Elevate the head of the bed to provider ‘Gounter- traction. 


Elevation must be increased: as the traction, ee is: 
|; increased (Fig. 6. B), taint Era edi RE i, ERK 


b mers iso eh E E EE FO SRSA a a EO ce are ae hes Sweet tae 


Halo spline (Ace Cervical Traction Equipment)* 

The halo splint is an oval metal band available ir: different sizes, which arches u p 
posteriorly to clear the occiput, to enable the patient to rest his head more 
comfortably (Fig. 6.8). It has a number of threaded holes at 2, 4, 8 and 10 
o’clock, through which fixing pins are screwed into the outer table of the skul E- 
The pins have sharp points which rapidly flare out into broad shoulders, creating: 
: “a area of contact against the skull with the minimum of penetration (Fig - 


*See Appendix. 
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Fig. 6.8 The Ace halo splint. 


k 


\ 
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Fig. 6.9 The fixing pins used with the halo splint. Note the broad shoulders. 


APPLICATION OF HALO SPLINT 


“= Choose a halo splint which will ‘glow a clearance yot ‘4 inch 
: (1. 25 cm) on all sides of the head, when the splint is 
~ = positioned with its lower margin lying just above the ears and 
‘about ł inch (6.0 mm) above the eyebrows. i 
Autoclave the. splint and pins. wt ODARA 
-` “Lie the patient supine on an pa A a table with his head 


Grantees mn the: oavicel! ineiby; mal TON. 
; hl the | Sites, ‘for ‘the’ four er pl ere he i me ,0 a SS 
: pove, e lateral’ oné 3 third of the eyebrows | in the ‘shallow teen? 
ag oves on the forehead between the capre-orbitl ridges;end ; bard 
SP srcontel protuberances, and è inch (1 :0;cm) “above the tops. ot 

oo ng, ears in line with, the mastoid, ‘processes (Fig: 6.10) River 

5 a je, the Scalp’ for a; distance of 2 inches (5 Ojeinljproundisg DE 

08 pin site, and- prepare | ‘the: partly” “shaven scalp.’ i tga te 
slip ‘the halo’ ‘splint’ ‘over the skull: “with. the raised portion A 
iss posteriorly, and, ask an sistant Aeg it in = ct i 
aah poton eii S, ESAN SKINE 3 EES . i NERY 
ee va ance the e three pebiai orng P pas plates $ 89, 4 
eae lo; splint lies ‘evenly,around; the. skull. jj. 4 RE 
} Iati rate'the: “sited of insertion’ sige ne ine 
zi of: 2% ‘Tocal anaesthetic solution RS i 
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Fig. 6.10 Positioning of ihe halo splint, and the sites of insertion of the four fixing pins. 


— Advance the four fixing pins until fingar-tight. Incision of the 
scalp is not required. 

— Using preset torque-limiting šerowđdiivers, further advance the 
pins in diametrically opposed pairs at the same time, to avoid 
side-to-side drifting ‘of the halo splint, until slip occurs. The 
torque-limiting screwdrivers are preset to the following: 


for children — 4.5 Ib/inches — (5.1 kg/cm) y 
for adults — 6.0 Ib/inches — (6.8` kg/cm} LES 


— Remove the positioning screws.’ 

— If traction is to be applied, fit the halo bail ad cord j (Fig. 
6.11), or tie two cords to the halo spint, ‘and attach the | 
traction weight. 

—- Elevate the head of the bed to provide’ counter-traction. 
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Fig. 6.11 The balo bail which is used if traction is to be applied to the halo splint? 
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DISLOCATION OR FRACTURE-DISLOCATION OF 
THE CERVICAL SPINE : 


The majority of serious injuries to the cervical spine result from forward oa 
with or without an element of lateral flexion, and are therefore relatively sta a s 
extension. Occasionally extension injuries occur, in which cases the spin 
stable in flexion. In ail injuries, rotation of the’ spine is dangerous. a 

It is not advisable to attempt a rapid reduction of a dislocation or frac ope 
dislocation of the cervical spine, as the spinal cord may be damaged if the in 
pull is excessive. 


AIMS OF TREATMENT 


1. To avoid damage to the cervical cord. 
2. To restore the antero-posterior diameter of the spinal canal. f 
$ islocation. 
3. To obtain complete reduction of the dislocation or fracture- on ees 
Although this is desirable it is not always possible. A decrease in 


ers, 
posterior diameter of the spinal canal of less than 3 mm may be accepted (Rog 
1957). 
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RECOMMENDED TRACTION WEIGHTS 


For correction of deformity only (Crutchfield, 1954) 


Table 6.1 

Level ` Minimum weight Maximum weighi 

Cl 5 Tb (2.3 kg) 10 Ib (4.5 kg) 

C? 6 Ib (2.7 ke) 10-12 ib (4.5-5.4 kg) 
C3 8 Ib (3.6 ke) 10-15 Ib (4.5-6.7 kg) 
CA Wb LS kg) . 15-20 Ib (6.7-9.0 kg) 
Gs 12 1h (5.4 ky) 20-25 tb {9.0-11.3 ke) 
C6 15 Ib (6.7 kg) 20-30 Ib (9.0-13.5 ky) 
Cc? 18 Ib (8.2 kg) 25-35 Ib (11.3-15.8 kg) 


These traction weights are approximately correct for the various levels of the 
cervical spine when the head of the patient's bed is raised not more than 20 
degrees for the purpose of counter traction. - 


IMPORTANT: CHECK DAILY THAT 


Sea: 
mt ponds. 


ie 
— The neurological examination of the patient has ‘not anoa. 
— The tongs sre applied firmly to the skull Ifa halo splint is - 
used, check daily for the first week, using e preset torque-. 
Nmiting screwdriver, {860 ‘above), that: the: fixing. pins, are tight s 
After the first week, the ‘tightness of the'fixing pins mist be 
-checked twice each'week. | gtu BR : 


ee ee 


—.The scalp wounds are not infected: If'infection: ‘is Paini thei ` 
_ scalp wounds must be swabbed to discover the infecting i i 
z- organism and its antibiotic sensitivity.: If; Crutchfield or Cone: 

_ tongs are used, they. must be removed ‘and another method É 

-. of controlling the cervical spine substituted: tf a halo splint is 
_ used, a new sterile pin is inserted through an adjacent hole, | 
~ and tightened with a torque-limiting screwdriver before the cot 

infected pin is removed. . N a 

.— The. traction cord runs freely. in the pulley’ and, is not t frayed: 

- — The traction weight is. hanging free. a ; we 

— The ‘patient is neither being pulled up ors idg down ‘the. vot 

; bed; If he is, adjust the elevation of the. head of the bed as **-* 
necessary; to provide. the correct arriount, of. counter- traction" 


ols sedate e,- M pais i "ALE E254 Shes “heated eo etd: 


COMPLICATIONS OF SKULL TRACTION 


Crutchfield tongs may pull out of the skull. This results from -~ 
failure to check that they are tight. They can be replaced under 
aseptic conditions, but it is better to substitute another method 
of controlling the cervical spine. 
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Crutchfield tongs may penetrate the inner table of the skull if 
they are over tightened. The patient complains of local pain. On 
examination one arm of the tongs is found to lie closer to the 
skull than the other. Tangential radiographs can be helpful. The 
tongs are removed, and another method of controlling the 
cervical spine is substituted. Subsequent complications rarely 
occur, unless there is associated infection of the pin site, as 
penetration of the inner table of the skull has occurred slowly. 

Skeletal traction applied to the skull can give rise to 
complications which may be fatal — osteomyelitis of the skull, 
extradural haematoma, extradural abscess, subdural abscess, 
cerebral abscess (Weisl, 1971). 

These complications may be heralded by pyrexia and 
headaches, and progress to fits, hemiplegia and coma. 
Examination of the cerebrospinal fluid and cerebral angiography 
may be normal. In the presence of osteomyelitis of the skull, 
radiographic examination may show radiolucent areas at the site 
of insertion of the pins. 

If infection is suspected, the scalp wounds must be swabbed 
to discover the infecting organism and its antibiotic sensitivity, 

` sọ that the appropriate antibiotic can be given. Skull traction 
must be discontinued and another method of controlling the 
cervical spine substituted. l 


“ HALO-BODY ORTHOSIS 


The halo-body orthosis was introduced originally in 1959 by Perry and Nickel, | 
in the management of paralytic deformities of the cervical and thoracic spines. Is 
application was described in detail by Thompson (1962), Nickel et al (1968) and 
Stewart (1975). It consisted of a halo splint, attached to the skull by four screws, 
which was suspended from a jointed adjustable overhead frame incorporated in a 
plaster-of-Paris jacket. The jacket extended from the shoulders to the iliac crests, 
purchase on the body being obtained by the close moulding of the jacket around 
the iliac crests: The neck was free of plaster (Fig. 6.12). 

This apparatus was cumbersome and made it difficult for patients to pass 
through doorways or to travel in private or public transport. Houtkin and Levine 
(1972) made the apparatus less bulky. They eliminated the projecting overhead 
frame and attached the halo to a plaster-of-Paris jacket by two adjustable yokes. 
With further development, the plaster jacket has been replaced by a premoulded, 
padded polyethylene vest. A number of different complete assemblies are now 
available commercially (Ace Orthopaedic).* ` 


Halo vest - . : l 

The padded polyethylene vest tonsists of two halves, anterior and posterior, 
which are strapped togethers over the shoulders and around the lower chest. 
` Auached to each half of the vest are two metal uprights. These are connected 


‘See Appendix. 
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Fig. 6.12 The original halo-body orthosis, with the halo suspended from an overhead frame 
which was incorporated in a plaster jacket. 


together on each side of the head by short horizontal metal bars, to which the 
halo splint is attached (Fig. 6.13). The position cf the head can be adjusted in all 
directions, until the optimum position is obtained. 

The development of the less cumbersome halo-tody orthosis, which restricts, 
by at least 95%, all movements in the cervical spine (Johnson et al, 1977), has 
resulted in a reduction in the length of time a patient may have to stay in hospital 
after a serious injury to his cervical spine. The halo-body orthosis can be applied 
within a few days of a satisfactory reduction of a dislocation or a fracture- 
dislocation of the cervical spine having been obtained. 


Fig. 6.13 The Ace Mark III halo-body orthosis. Compare this with Fig. 6.12. 
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HALO-PELVIC TRACTION 


Halo-pelvic traction (Fig. 6.14) consists of a halo splint connected, by four 
vertical spring-loaded distraction rods, to a steel pelvic hoop. The pelvic hoop in 
turn is attached to two long threaded steel rods, each of which passes through 
one wing of the ilium (Dewald and Ray, 1970; O'Brien et al, 1971). 

This form of skeletal traction may be used to immobilize the spine or to slowly 
correct or reduce deformities of the spine, such as occur in scoliosis and 
tuberculosis, before spinal fusion is carried out. The halo-pelvic apparatus 
remains in place during the operation and for a variable period of time 
afterwards. Patients in halo-pelvic traction may remain ambulant. 

The halo splint is basically similar to that described above except that 
posteriorly the band does not arch upwards to clear the occipital area, and it is 
drilled and tapped around its perimeter to accept screws for the attachment of 
the four spring-loaded distraction rods. 


‘See Appendix. 
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Fig. 6.14 Halo-pelvic traction. 


Each threaded rod transfixes one wing of the ilium, passing through the 
thickest portion of the pelvis (Fig. 6.15), from the tubercle of the iliac crest to the 
posterior superior iliac spine on the same side. 

The pelvic hoop, which must be of large enough diameter to allow a gap of 
1-1} inches (2.5-3.8 cm) between the patient’s skin and the hoop, is attached to 
the threaded rods by four universal clamps. Superiorly the spring‘loaded 
distraction bars are attached to the halo splint. Inferiorly they pass through four 
universal clamps, different from those which clamp the pelvic hoop to the 
threaded rods, on the pelvic hoop. Locking nuts are placed on each distraction 
rod, one above and one below the clamp. By adjusting the position of these 
locking nuts, the effective length of the distraction rods can be increased, thus 
increasing the distance between the halo splint and the pelvic hoop and thereby 


exerting a distraction force upon the spine. 


P.S.LS. 


Hemi Pelvis Seen From Above 


Lateral Aspect of Pelvis 


Fig. 6.15 Halo-pelvic traction. Each threaded rod transfixes one wing of the ilium, passing 
from the tubercle of the iliac crest to the posterior superior iliac spine (PSIS) on thé same side. 
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— Remove the lengths of the threaded rods projecting beyond - 
the pelvic hoop by cutting them with heavy-duty bolt cutters- 
_m.Return the patient to the ward. 


3. Distraction rods (Fig. 6.16) ~ tye T 
Delay fitting the distraction rods for 48 hours. This allows 
easier abdominal examination in the event of peritoneal 


penetration by the pelvic rods (see below, Ramsford and 
Manning, 1978).. 


Attachment to Halo 


Scale 


1—____ Spring Contained Withim Tube 


Initial Height Adjustment 


Distraction Nut 
Attachment to Pelvic Soop 
Locking Nut 


Fig. 6.16 Spring-loaded distraction rod for halo-pelvic traction. > 


If the spine is unstable because of the ‘presaince of a 
fracture or fractufe-dislocation, apply traction ta the halo 
splint to immobilise the Spine until the distraction rods are. 
fitted. ae 
— Sit the patient comfortably on a stool: 
— Apply traction to the halo splint so that. the 

with his buttocks almost-raised from ‘the: stool. >i, 
— Ensure that the cervical spine is neither ři flexed nor ‘extended 
— Measure the exact distance between th halo and the pelvis ee 

hoop. `; ` ar kait E T 
— Adjust the length of each ‘Nistraction® re tó the gg pi LAAR 

-~ -- Measurements to achieve a zero reading on the fixed scale. 


isnt sits erect _ 


SPINAL TRACTION 87 


— Position the second set of four universal clamps on the pelvic 
hoop so that they lie at the corners of a square, two-antero- 
 faterally and two postero-lateraliy. . 

— Insart the lower threaded end of each distraction ‘64 through 
one of the universal clamps. 

— Select suitable holes on the halo splint at approximately 2, 4, 
8 and 10 o'clock, and attach the upper end of eech 
distraction rod to the halo splint. 

"= Carefully adjust the position of the universal RA on i the 
pelvic hoop so that the distraction rods lie evenly disposed on 
each side of the patient and do not interfere with movement 
of the upper limbs. The distraction rods may hava to be 

* contoured, when there is a large rib hump or pelvic obliquity, 
Sto avoid pressure on the skin. E 

H Release the traction on the halo splint. n 

— Adjust the length of the distraction rods as necessary until 
-the previous recorded halo-hoop distance is reached. This-. 

yi äfmhay compress the spring giving.. an initial reading on the fixed 

scales. k 2 

. = Note the reading on the fixed scales. eO E is 

. +a [f the position of the distraction rods is satisfactory; ches S 

T ‘all Screws and nuts on the halo splint, distraction hee — : 

-pelvic hoop with a spanner, Allan key or screwdriver. * ‘ 


A “tightened only with a tarque-limiting screwdriver. = t we 
= Return the patient to the ward. er 


ae Selo ek 


MANAGEMENT OF HALO- PELVIC TRACTION 


_— “Daily after the Insertion of the pelvic rods, examine the 
., abdomen for the development of any abdominal £” a 
. complications {see below). are my. : 
"= Every patient in halo-pelvic traction must be examined ‘deily, : : 
<: especially while distraction is being carried out, for the - 
ra ‘presence, of any neurological complications (see below)., ; : 
— - Examine the scalp wounds ony for the presence of infection 
A ‘(see under ekull traction), err ware ETA EA g 
í Dally for the first week and then, twice weekly,. check, the . 
»,-$tightness of the cranlal, screws, jse under skull traction).< ‘ a 
r — Examine the wounds around the;pelvic. rods at regular |... . - 
. intervals for the presence of infection. If infection is present, - 
swab the wound to determine the infecting organism and its | k 
„x, antibiotic sensitivity. Infection at these sites usually responds .- 
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_rapidly.to waa caai with an B Solution and ` z 


S +g Check that all the screws and nuts on the B alvic hoop. pe sd: 
.. distraction rods‘ are. tight.; This must begarrie d, out twice: each i 
- i` week, until the apparatus: is: removed. riskier t: Tae EE 
-— Wash the patient's, hair once, or twice/each. week; PS Sa 
— Distraction. Ransford ‘and Manning (1 975)iperform. pire nh 
` -` preliminary myelography in all cases. :wheré:there is. pEr 
of diastematomyelia and in all cases. wit pee ene a Ag 

nd aN ie & m SNG- sg @ FR w bi “i 

Distraction is commenced four daya. a 


distraction nut (1.25 mm, equivalent to, ar ae ‘Of. o. 25. kg: 
per rod-— this will vary: according to thetBtrength: of: the: 
distraction spring used in the rods). Continue: distraction: ‘unt i 
the reading on the fixed scale is betwen., 316 and: 18; 32 {s 
kilograms, or until the patient suffers painful's Spasms. of, the’: 
neck muscles, or neurological’ complications develop, (s50: a 
below). A total of 18-kilograms, distraction: storce is never: ba 
exceeded (Ransford and. Manning,., 1978) Heiss S, Bee Ye 
If neurological mone ei: im immediately | cer the s 
distraction force. : tat ERE: ppr AAR seed Batra: spe eae 


Et ery 


COMPLICATIONS OF HALO-PELVIc 
TRACTION 


{See also complications of skull traction, p, 80.) 


A. Cranial screws 


1. Superficial infection around the cranial screws, 

2.Cerebral abscess (Victor et al, 1973). 

3. Loosening of the cranial screws. 

4. Pain when the cranial screws are tightened. This may occur 
from the surrounding skin puckering up Circumfe 

5. Penetration of the inner table of the skull by the c 
screws (Ransford and Manning, 1975). This i is di 
the failure of a screw to tighten after minimal Screwing, and 
is confirmed radiographically by tangential views, The castes 
is removed and a new screw inserted in a Nearby hole under 
local anaesthesia and full aseptic precautions, Prophylactic 
systemic: antibiotics are given. ` 


rentially. 
ranial 
agnosed by 
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B. Pelvic rods , hi g 

1. Vague aches and pains are sometimes felt around the hips 
and can extend down the thigh or into the buttock. These 
symptoms usually subside within a few days but if they are 
severe enough ta cause difficulty in walking without 
assistance they can be relieved by removing the pelvic rods 
{O’Brien et al, 1971). 

2. Peritoneal penetration by a peivic rod with or without bowel 
damage. This is most likely to occur if the anterior entry point 
is close to the anterior superior iliac spine. To avoid peritoneal 
penetration the anterior entry point must be opposite the 
tubercle of the ilium, which may be 2 inches (5.0 cm) 
superior and posterior to the anterior superior iliac spine 
(Ransford and Manning, 1978). 

3. Superficial infection. This is more common around the 
anterior entry holes. If it occurs a swab is taken for culture 
and antibiotic sensitivity, and the appropriate systemic 
aniibiotic is given. In the presence of severe infection the 
pelvic rod is removed.” 

4. Loosening. 

5. Hip contracture from ilio-psoas fibrosis (Kalamchi et a, 

“ 1976). 


C. Neurological 

These are less likely to occur when spring-loaded distraction 
rods are used (Ransford and Manning, 1975). They may result 
from traction lesions of peripheral or cranial nerves or the spinal 
cord, They may be temporary or permanent. 

Abducent nerve palsy — the patient is unable to move the 
affected eye in an outward direction. Contraction of the internat 
rectus muscle eventually leads to internal strabismus and 
diplopia. 

Glosso-pharyngeal nerve palsy — the patient complains of 

_ difficulty in swallowing and may choke. There is loss of 
sensation to touch and taste over the posterior third of the 
tongue (Manning, 1972). 

Recurrent laryngeal nerve palsy — hoarseness. 

Hypoglossal nerve palsy — on protrusion, the tongue deviates 
to the affected side. 

Brachial plexus palsy — either the upper or lower on allah the - 
components òl the brachial plexus (C5, C6, C7, C8 and T1) 
may be involved. 

Spinal cord — paraplegia. Preliminary myelography is. 
advisable in all cases where there is suspicion of 
diastematomyelia or osteogenic aetiology (Hansford and 
Manning, 1975). 
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When any of the above neurological complications occur, 
distraction must be discontinued immediately. 

Paraesthesiae in the distribution of the lateral cutaneous neve 
of the thigh may occur following insertion of the pelvic rods. it 
settles in one to two weeks without any specific measures 
being taken. 


D. Genera} y 


1. Death from respiratory insufficiency. 

2. Osteoporosis of the vertebrae. , : 

3. Cervical subluxation C1 on C2. This results from the incorrect 
application of the appliance with the cervical spine in flexion 
{Kalamchi et al, 1976). = 

4. Avascular necrosis of the proximal pole of the odontoid 
process (Morton and Malins, 1971}. 

5. Cervical spondylosis has been suggested as along term 
complication {O’Brien et al, 1973; Kalamchi et al, 1976). 
6. Enuresis may reappear if there has been a history of it in the 

past. Imipramine in appropriate dosage may be given. 
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Splinting for congenital dislocation 
of the hip 


The detection of the unstable hip as soon as possible after birth, and its prompt 
treatment, are vital. There is no direct evidence that every unstable hip at birth 
will, if untreated, become a dislocated hip, but if every hip that is found to be 
unstable at birth is treated, established dislocation of the hip virtually disappears 
(Rosen, 1962). , 

Unstable hips at birth are diagnosed clinically. All doctors who work with the 
new-born must know how to detect an unstable hip. Barlow (1962) found only 
159 unstable hips in 9000 births, an incidence of 18 per 1000 (as opposed to 1.5 
per 1000 for the incidence of established dislocation of the hip in Western 
Europe). This means that many normal hips will be examined before an unstable 
hip is found. 


CLINICAL TESTS FOR UNSTABLE HIPS 
BARLOW’S TEST (1962) 


This test must be carried out within two to three days of birth, in a warm room 
and preferably afier the child has been fed, when he will be relaxed and 
contented, The examiner’s hands must be warm. The test is carried out in two 


stages, 


STAGE ONE -.-.°. 


— Remove the child’s NAPOY, . pang 

— Place the child supine on a warm firm Surface’ with its logs $ 
pointing towards you. a 4 may Soe 

— Hold the knees fully flexed, with the flexed legs inthe paims ” 
of your hands, and with the middle finger of each hand on 
the greater trochanter and the thumb on. thei inner aspect of 
the thigh. opposita the lesser trochanter, (Figs. 7.0) 3s ee 

— Flex the hips to a right angle and abduct'them to 45 degrees.” 

— Press forwards in turn with tha middle ‘fi inger of each hand on. 
the greater trochanter and attempt to lift. the femoral head i 
into the acetabulum. aR no k a E a ha 


atna tae wee - nahia 


> 
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Fig. 7.1 Barlow's test. 


The test is positive when the joint is dislocated and the femoral head returns tO 
the acetabulum with a palpable and ofien audible clunk or jerk. The clunk or 
jerk is due to the femoral head snapping back over the posterior rim of the 
acetabulum into the socket. This must not be confused with ligamentous 
clicking, which can often be elicited from a baby’s normal hip. 


STAGE TWO 


— Continue to hold the lower limbs es described above. — 
— Press backwards in turn with each thumb on the inner sid¢ of 
the thigh. If the femoral head slips backwards onto the 
„posterior lip of the acetabulum or actually dislocates, the hip 
-z au/8j unstable, . . >, oy 
+¿nln.doubtful cases, firmly hold the pelvis with one hand, with + 
: the thumb on the pubis and the fingers under the sacrum, — 
_.4: While performing the above test on one hip with the opposite 
“hand. EEE T 
— Examine the second hip in the same way. 


This test is reliable and can be used up to the age of six months, by which time 
the femora have become so long that it is difficult to reach the greater trochanters 
with the tips of the middle fingers. 


ORTOLANI’S TEST 


This test was described by Ortolani in 1948 for use in children between three 
and nine months old. It is not entirely satisfactory in the new-born (Barlow, 
1962). 
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PROCEDURE a 


_ — Lay the child supine on a warm firm surface with its legs 
pointing towards you. 

— Flex the hips and knees to a right angle with the knees 
touching and the hips in slight internal rotation. 

— Hold one leg steady. With the other knee in the palm of your 
hand {with the thumb over the inner side of the knee, and 
with the other fingers over the greater trochanter), exert 
gentle pressure in a latero-medial direction with the fingers’ 
and at the same time slowly abduct the hip through 90 
degrees, until the outer side of the knee touches the couch. 
When the test is positive, somewhere in the 90 degree arc of 
abduction reduction of the dislocation wilt occur and the head 
of the femur will slip into the acetabulum with a visible and ' 
palpable movement — a clunk or jerk. . ; -. 


The tests described above are generally reliable, but they may be misleading in 
certain situations, When limited abduction of a hip is present due to contraction 
of its adductor muscles, a clunk may not be elicited. However the presence of 
limitation of abduction itself may indicate dislocation of that hip. ‘Clicks’ as 
opposed to clunks or jerks can often be elicited on manipulation of the formal 
hips of the new-born, 

The incidence of unstable hips decreases in the first few weeks after birth. 
Nelson (1966) found, on the examination of 266 live births, an incidence of 15.9 
per cent soon after birth which fell to 7 per cent seven to ten days after birth, and 
to 0.35 per cent at three weeks. The decrease in the incidence of unstable hips in 
the weeks immediately after birth gives rise to some controversy as to whether an 
unstable hip at birth should be treated immediately or whether only those which 
are still unstable some weeks after birth should be treated. It is not within the 
scope of this book to discuss the indications for treatment, Generally, however, it 
is better to err on the side of over-treatnient, as long as the treatment is carried 
out correctly, and as Jong as the treatment does not give rise to any 
complications. 


RADIOGRAPHIC EXAMINATION 


Ossification in the capital epiphysis of the femur is not present at birth and 
therefore the capital epiphysis cannot be demonstrated radiologicatly. This 
makes the radiographic identification of a dislocated hip in the young child 
difficult. However, the ossific nucleus of the femoral head can be seen 
radiographically in 78 per cent'of normal hips at six months of age and in 99 per 
cent at one year (Wynne-Davies, 1970). 


3 s 5 
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UNDER SIX MONTHS OF AGE 


Andrén and von Rosen (1958) described a technique for use in this age Rie 
which an antero-posterior radiograph is taken with the child supine and wit 
both lower limbs in full medial rotation and 45 degrees of abduction. 
When the head of the femur is dislocated, the upward prolongation of the = 
axis of the shaft of the femur points towards the anterior superior iliac spine n 
crosses the midline in the lower lumbar region of the spine (Fig. 7-2). When she 
hip is not dislocated, the upward prolongation of the long axis of the shaft of the 
femur points towards the lateral margin of the acetabulum and crosses the 
. posterior part of the pelvis in the region of the sacro-iliac joint (Fig- 7.2). 
As a dislocated hip may reduce with abduction, it is possible to obtain a false 
negative result with this technique. 


Normal hip Dislocated hip 


Fig. 7.2 Von Rosen radiograph of the hips; an antero-posterior radiograph with the low 
in full medial rotation and 45° abduction in a child under six months. 


er limbs 


OVER SIX MONTHS OF AGE 


Once the ossific nucleus of the femoral head is present, standard a 
radiographs of the pelvis and hips, with the legs together and in neutral rot 
can be used. 

In a normal hip, the ossific nucleus of the femoral head lies below = 
horizontal line (of Hilgenreiner) passing through the tri-radiate cartilages of the 
acetabula, and medial to the vertical line (of Perkins) passing through the outer 
lip of the acetabulum, perpendicular to the above horizontal line (Fig. 7-3). 

When the head of the femuris dislocated, the ossific nucleus of the head tends 
to lie lateral to the vertical line and above the horizontal line (Fig- 7.3)- 


Perkin’s line 


ntero-posterior 
ation, 


Acetabular angle 


Shenton’s line 


Normal hip Dislocated hip 


Fig. 7,3 Standard antero-posterior radiograph with lower limbs together and in neutral rotation 
in a child over six months. 
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FURTHER RADIOGRAPHIC FINDINGS IN CONGENITAL 
DISLOCATION OF THE HIP (Fig. 7.3) 
The ossific nucleus of the distocated hip is smalter, or its appearance is delayed, 
compared with the normal side. 
The angle between the horizontal line of Hilgenreiner and the line of the 
acetabular roof (acetabular angle or index) is greater than 35 degrees. 
Shenton’s line is broken. 


APPLIANCES AND PLASTER CASTS USED TO 
OBTAIN AND MAINTAIN THE REDUCTION 
OF A DISLOCATED HIP 


Five of the many different appliances which can be used, are described below, 
The Pavlik harness is the only appliance which will promote the spontaneous 
reduction of a dislocated hip and maintain that reduction. The other appliances 
will only maintain reduction. The von Rosen and Barlow splints and the Frejka 
pillow are used in the management of the dislocated hip diagnosed soon after 
birth. The Denis Browne hip splint and plaster casts are used only in the later 
stages of management. 


COMPLICATIONS OF POSITIONING OF THE 
HIPS i 


Avascular necrosis of the femoral capital epiphysis and 
abnormalities of growth of the upper end of the femur can 
develop in children who are being treated for congenital 
dislocation of the hip. These changes can occur on both the 
normal and abnormal sides, and as they do not occur in 
untreated dislocations they probably are related to treatment 
(Gore, 1974), and result from interference to the blood supply 
to the proximal end of the femur. 

Interference to this blood supply is more likely to occur with 
immobilisation in plaster casts (Allen, 1962; Gore, 1974) than 
with von Rosen (Fredensborg. 1976) or Barlow splints. It has 
been reported with the Frejka pillow ({Iffeld and Makin, 1977). 

The several factors which appear to be important in the 
interference to the blood supply to the proximal end of the 
femur are forcible abduction of the hip, especially if any degree 
of adduction contracture is present, and immobilisation in 
extreme abcuction (Westin et al, 1976). Forcible abducticn of 
the hip may cause necrosis of the femoral capital epiphysis by 
direct compression of the opposing joint surfaces causing 

_ interference with the diffusion of nutritive fluid through the 
intercellular substance of the cartilage (Salter and Field, 1960). 
Nicholson et al (1954) showed in cadaveric studies that in 90 
degrees of abduction, the blood supply to the femoral head is 
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seriously impaired. Ogden and Southwick {1973) and Ogden i 
(1974) carried out injection and dissection studies of hips from 
stillborn and infant cadavera. They demonstrated that with 
abduction of the hip beyond 45 degrees, the developing 
acetabular rim fitted tightly into the intra-epiphyseal groove 
between the femoral head and the greater trochanter. This intra- 
epiphyseal groove carries the major blood supply to the femora! 
head. In abduction beyond 45 degrees, the medial femoral 
circumflex artery, from which the intra-epiphyseal circulation 
was usually derived: was stretched and compressed over and 
between the iliopsoas and adductor muscles. - 

In applying any of the following splints, including the Pavlik 
harness and Frejka pillow, or plaster casts, it is very important 
that neither the dislocated hip is forcibly reduced, nor the 
normal or abnormal hip is held rigidly in abduction beyond 45 
degrees. It is important to allow a controlled range of movement 
to preserve the blood supply to the upper end of the femur. 


PAVLIK HARNESS : 


Arnold Pavlik, a Czechoslovakian orthopaedic surgeon, introduced his method 
of treatment of congenital dislocation of the hip in 1944 (Erlacher, 1962). This 
method promotes spontaneous reduction of the dislocated hip by positioning the 
hip in flexion while allowing free abduction, thus minimising the risk of 
avascular necrosis. It is of particular use in children during the first six months of 
life. i 

The Pavlik harness * (Fig. 7.4) consists of an adjustable band encircling the 
lower chest. To this are attached a pair of shoulder straps, which cross 
posteriorly and a pair of stirrups which embrace the legs down to the heels. The 
stirrups are suspended from the encircling chest band by two adjustable straps, 
one passing anterior to and the other posterior to the lower limb. The harness 
allows active movement in all directions except extension, and adduction across 
the midline. Nappies can be’changed easily and independently of the harness; 
the child's clothes fit easily over the harness; and the child can lie prone or 
supine. - 


Fig. 7.4 Pavlik harness. 


‘See Appendix. 


POINTS TO BE REMEMBERED WHEN USING 
A PAVLIK HARNESS (Ramsey et al, 1976) 


1, Force must not be used when attempting reduction of the 
hip. The adductor muscles, if tight initially, will gradually and 
spontaneously stretch. 

2. The position of the hip in flexion/abduction must be 
confirmed radiographically at the time of application to ensure 
that it is correct. 

3. The hips must be flexed in excess of 90 degrees. Flexion 
must never be forced. Further spontaneous flexion must be 
able to occur from the final position. Inadequate flexion is the 
most common cause of failure of reduction of the hip. 
Because of the normal degree of valgus of the femoral head 
and neck, the femoral head will not be directed towards the 
tri-radiate cartilage, unless the hip is flexed at least 90 
degrees. If the hip is flexed to less than 90 degrees, the 
femoral head will be directed towards the superior part of the 
acetabulum. 

4. The posterior straps attaching the leg stirrups to the E 
encircling band must not be tight, in order to avoid forcing 
abduction. These straps must be loose enough to allow the 
knees to be adducted to within 1-2 inches {2.5-5.0 cm) of . 
the midline. l 

5. The stability of the femoral head must be assessed frequently 
during the initial stages of treatment. 


APPLICATION. or THE PAVLIK: Ufa 
(Fig. 7. 4) ; i TN 


ï. i= Lie. ‘the child EEA it s t 
— Apply the harness; and ‘adjust the shoulder straps t to 5 allow: 
the encircling band to_fit snugly around. the lower chest. i sae 
— Fit the stirrups around the legs. — uy fo 
— Adjust the anterior strap from each stirrup. so o that each hip is 


held in at Teast 90 megiees of flexion: De not | force fuli.. 


o p, flexion. pi ge Paa Py aw i Ahoia 
- - Adjust the Bostono straps. from each’ ‘at TUP,80 ` Shat tho ` 
_ knees can be adducted to Within 4-2 inches: (2. 5-5.0 cm) of. 
the midline. This avoids the hips being ‘forcibly abducted. 
— Arrange for a radiograph to be taken to. énsure that each hip | 
_ is flexed sufficiently for the femoral head.to be. directed e 
_ towards the tri- radiate Cartilage. A PAR fs ; E 
— Advise the parents that the child must, t Wear, ‘the. harness all PE 


a] 


the time. ©“. : od > ieee cA oy 
ane ae mT a ee eb DHe get oe PA 


s: Taws 


oe zilas “a! ‘sitet’ éf: eideqiate sie: Agi aii Wass eG 


Bh maram thi position eäsily entero o force. S 


s22 M Mould. Ke short a 


OF LEN bau bun wes +e -e 


rr - Examine the’ harness and the dislocated hip regularly The tini: 
tafiret examination is carried out after. two days and then atirat- 
: ‘weekly Intervals. ‘until.sthe hip. becomes clinically stable.:2hi 
= : When the hip is Clinically stable,’ remove the harness fortwo]: $ 
“hours each day, Increasing the time the child is out of the Gi. 
harness by 2-4 hours every two weeks as long 8s an’ antero £i: 
, posterior radiograph ls consistent with the hip being reduced, | 
~ thb’ acetabular -angle is ‘stable or increasing, and the femoral ` 


3 JS 8 pital . epiphysis; if, ‘present, dls ‘enlarging. . tt DEES À e 


VON ROSEN SPLINT (Rosen, 1956) 


The von Rosen splint (Fig. 7.5) is H-shaped, the crossbar of the H being 
extended on each side. It is cut from malleable aluminium sheeting, padded and 
covered with latex rubber or plastic, the latter being less irritating to the skin of 
some children. Three sizes of splint are available. 


Fig. 7.5 Von Rosen splint. 


APPLICATION or. THE VON: ‘ROSEN: ‘SPLINT © 
(Fig ay: Bhai 
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— Chack that the child and especially the: slower limbs do not i 
_ come out of the splint when the chitd’ Moves: Check also that” 
_ the limbs are not held rigidly, as some: movement of the limbs - 
i Eh within the splint is, essential. saliv j : 


BARLOW SPLINT (Barlow, 1962) 


The Barlow spline (Fig. 7.6) consists of two strips of malleable aluminium 1 inch 
wide and 22 inches long (2.5 cm by 55 cm) held together by a single rivet 9 
inches (22.5 cm) below the top end, The aluminium strips are padded on ong 
side with felt, are covered with soft leather and are provided with a canvas strap 
which can be passed through slots in the top ends of the splint. 


e 


Fig. 7.6 Bartow splint. 


The Barlow splint is appiied in a similar way to that described for the von 
Rosen splint. The upper ends are moulded over the shoulders where they are 
held together with the canvas strap which passes around the child’s chest (Fig. 
7.6). The lower ends of the splint are moulded around the thighs after reduction 
of the hip, with.the hips in a position of 90 degrees of flexion, and not more than 
45 degrees of abduction. 

One complication of the Barlow splint is that as the two aluminium strips are 
joined by only a single rivet, the upper ends of the splint may press against the 
sides of the child’s neck as the child moves. 
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— Replace the splint with a larger one when necessary. When a 
larger splint is being applied the hips must be kept in 
abduction, flexion and lateral rotation. This can be 
accomplished by lying the child on its abdomen while the 
splint is being changed. 

— Discard the splint after twelve weeks and take a radiograph. 

— Examine the child at weekly intervals for the first six weeks 
after discarding the splint, then at decreasing intervals until 
six months have elapsed. 

— Take a radiograph of the child's hips when he is six months . 
old. If the radiograph is normal, see the child at one-yearly 
intervals. If the radiograph shows a difference in the 
acetabular angle on the affected side, take further 
radiographs at yearly intervals until normal development of 
the acetabulum has occurred. 


FREJKA PILLOW (Frejka, 1954) 


The Frejka pillow (Fig. 7.7) consists ofa firm rectangular pad filled with feathers 
or kapok which may be divided transversely into three sections. Attached to the 
upper end of the pad are two long straps, joined in the region of the scapulac) 
which pass over the shoulders to be reattached by buckles to the lower end of the 
pad. There are two shorter straps which pass around the sides of the trunk. 


> I- 


Fig. 7.7 Frejka pillow. 


Frejka originally introduced this appliance in 1938, and since 1946 has used it 
regularly as the method of choice in the treatment of children in the first year of 
life. He claims that the dislocated femoral head slips spontaneously and without 
any manipulation into the acetabulum. The disadvantage of the Frejka pillow is 
that it can cause damage to the capital femoral epiphysis (I!feld and Makin, 1977) 
and it must be removed frequently to clean and bathe the child. . 
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DENIS BROWNE HIP SPLINT (Browne, 1948) 


In this splint (Figs 7.8, 7.9) the child’s hips are held in abduction/fMlexion and 
lateral rotation, the range of movement possible in each direction being about 30 
degrees: The splint does not have to be removed to keep the child clean. 
Crawling and later walking are possible in this splint. One important advantage 
of the splint as opposed to immobilisstion in a plaster cast, is that it will not 
retain an unstable reduction as the hip redislocates, thus enabling the surgeon to 
recognise this corldition early rather than late (Lloyd Roberts, 1971). 

After the splint is removed, the legs slowly adduct ta the neutral position 
during the subsequent four to six wecks. 


Fig. 7.9 Denis Browne hip splint. 


BATCHELOR PLASTERS 


Batchelor plasters hold the hips in abduction and medial rotation. They encircle 
the lower limbs only and extend from the groins to the ankles being joined by a 
crossbar (Fig. 7.10). The knees must be held in 15 to 20 degrees of flexion to 
prevent rotation of the limbs within the plaster casts. 

A possible complication of the use of Batchelor plasters is an increase‘in the 
degree of anteversion of the femoral necks (Wilkinson, 1963), which may have to 


be corrected subsequently by derotation osteotomies of the upper ends of the 
femora. 
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Fig. 7-10 Batchelor plasters. 


FROG OR LORENZ PLASTER CAST 


This cast (Fig. 7.11) was originally described as holding the hips in a position of 
90 degrees of abduction/Mexion and lateral rotation. The immobilisation of a hip 
in this position has been shown to increase the risk of the development of 
avascular necrosis of the femoral capital epiphysis (Allen, 1962; Gore, 1974), and 
therefore this position must not be used. The hips can be flexed to 90 degrees but 
must not be abducted beyond 45 degrees. It must be possible to place the hips 
easily in the desired position before applying the cast. If the adductor muscles are 
tight, a subcutaneous tenotdmy at their origin must be carried out. i 

Unlike the von Rosen and Barlow splints, the.cast is not generally used in the 
management of the dislocated hip in the newborn. The cast extends from the 
nipple line down to the ankles on both sides, leaving the ankles and feet free. 
Particular care must be taken to ensure that the cast is strong enough over the 
groins and buttocks. If it is not, the cast easily cracks due to the stresses imposed i 
upon it by the strong movements of the child’s limbs. An adequate opening must 
be allowed around the perineum to enable the child to be kept clean. 


Fig. 1.11 Frog or Lorenz plaster cast. 
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Management of patients in traction 


. 


Patients in traction and traction-suspension systems do not look afier themselves. 
The correct management of patients in traction depends upon team work if good 
results are to be obtained. Sustained interest and effort is required from every 
member of the team — medical, nursing, physiotherapy and other paramedical 
staff — looking after the patient. No one aspect of patient care is the sole 
responsibility of an individual member of the team although certain procedures 
will normally be carried out by one member of the team because of training and 
expertise. All members of the team must be aware of potential problems and 
complications, and must see that any that do develop are dealt with immediately, 
cither by themselves or by another, more expert, member 6f the team. Thus 
adjustments to the traction-suspension system may be made by the nursing staff 
at the suggestion of the doctors, and medica! complications may be brought to 
the attention of the doctors by other members of the team. 

A member of the medical staff must examine the patient and the traction- 
Suspension system every morning and evening. The nursing staff, who are in 
constant attendance, must observe closely both the patient and the traction- 
suspension system, as their intimate knowledge of the patient can enable them to 
detect minor changes in the patient's appearance and demeanour, which may 
herald the development of complications. A physiotherapist must visit daily, 
both to treat the patient and to ensure that the patient carries out a sensible 
regime of exercises on his own. Occupational therapists, teachers, dieticians, 
social workers and the sehabilitation officer will be asked to visit when 
appropriate, 

Daily checks must be made to ensure that the patient is comfortable, that 
complications are not occurring, and that the traction-suspension system is 
achieving the desired effect. The patient, and the tcaction-suspension system 
must be examined. Regular radiological examinations of the position of the 
fracture must be made. The radiographs must be inspected and action taken if 
the position is not satisfactory. Physiotherapy to the whole patient, as well as to 
the injured part, is vital to ensure that when the fracture has united, the general 


condition of the patient, as well as the condition of the injured limb are such that _ 
full function is regained as quickly as possible. 
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Lastly, at some stage, the decision must be taken whether to discard tracion 
completely and mobilise the patient, or to change to another method of 
treatment. 


THE PATIENT . 
NURSING CARE 


Patients on traction need all the usual care given to every patient in hospital. In 
addition, extra attention must be paid to certain areas, 


General approranve 

The nursing staff have the best opportunity to observe the patient. Careful nete 
must-be taken of changes in manner and appearance, which may not be apparent 
to other staff. A fine petechial rash and unexpected confusion or aggression, tor 
example, may indicate the onset of fat ernbolism. It must be remembered that 
long term orthopaedic patients can develop non-orthopaedic conditions such as 
influenza or appendicitis. 


Observations and charts 

In the early stages afier 3 fracture, a careful record must be kept of the patieni’s 
temperature, pulse, respiration and blood pressure, as these may indicate ize 
necessity for blood transfusion, antibiotic or other therapy. In the later'stages of 
treatment, daily recording of observations should be sufficient. 


Bed and bedding 

The bed must be ef adequate length for the patient and of convenient height “r 
the nursing soff. Ix must have a rigid base for the mattress or a fracture boztd 
between the mattress and the springs. It must provide a firm base for the 
attachment of the Balkan beam or pulleys. 

If possible, plustic draw sheets should be avoided, to reduce sweating and szia 
maceration. Creases and crumbs are uncomfortable and predispose to bed soz23. 
Bed cradles are nesded to prevent bedding pressing down on toes. When one ‘22 
is in traction, bedéing nust be arranged to cover the sound leg whilst Jeaving 272 
injured leg unencumbered for traction and exercises. This will be the case 2.59 
when a split bed frame and mattress are used in Perkins traction (see p. 28). E24 
socks are often needed on the exposed foot. Back rests must work and be secure. 
Several pillows are often required, When the patient wishes ro sleep, the backrest 
and pillows may seed to be adjusted so that the patient can He down. The 
nursing staff musz check that there is suflicient freedom of movement in tne 
traclion-suspensiog system to-allow the patient to change position, and instaat 
the patient haw to do so without upsetting the system. 

A ‘monkey pole” is essential. It is a short bar which hangs above the patient 
where it can be grabbed easily so that he can lift his trunk off the bed. It must be 
strong enough to sapport the whole weight of the patient. The bar may be slung 
from a hook in the ceiling, from a gantry at the bead end of the bed or from a 
Batkan beam. : 
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Food : i 
A balanced mixed diet is needed, with the usual proportions of protein, fat, 
carbohydrate, vitamins and minerals. Thére does not seem to be any virme in 
special additions to the diet. As some patients will be in hospital for a long time, 
it is easy for the diet to become monotonous. Care must be taken to avoid this, 
Overeating must be avoided, as an increase in weight may make subsequent 
mobilisation more difficult. Occasionally a weight-reducing diet will be required. 
The mechanics of eating may require some thought, especially if the patient 
cannot sit up. Flexible straws, bowls and one-handed eating utensils can help. 
Water jugs must be placed within reach on properly positioned bed tables or 
lockers. When both arms are injured, the patient may have to be fed initially. 


Toilet 

All toilet functions have to be performed in bed. Adequate facilities and privacy 
must be provided — urinals, slipper bedpans, splash receivers, and extra screens 
where bulky traction apparatus will not allow the normal curtains to close 
around the bed. The traction-suspension system must enable the palient to get 
on and off a bedpan with the minimum of pain and effort. Catheterisation may 
be necessary to avoid bed sores which can result from urinary incontinence. 


Pain relief 

Fractures can be very painful in the carly stages. It is therefore very important 
that adequate analgesia is prescribed and given. Where essential nursing and 
physiotherapy procedures cause unavoidable pain, extra analgesia is required. 
Injections should be replaced by oral medication as soon as practicable. Long 
term opiates must be avoided. 


Skin 

Bed sores are a potential complication of prolonged bed rest. This may ‘be a 
greater problem in patients in traction because these patients initially are unable - 
or reluctant to move. In severely injured patients, regular turning or lifting must 
begin soon after admission. The traction-suspension system itself can cause local 
pressure problems. Skin must be kept clean and dry, and be inspected regularly 
wherever pressure could cause problems. Synthetic sheepskin, foam plastic leg 
troughs and heel pads can help, The provision of these aids is only a part of 
proper nursing care and not a substitute for the personal attention that is still 
required. 


Mental state f 

Patients in traction are frequently anxious. It is important to try to minimize 
this, by explaining the aims of their treatment, the function of the various items 
of equipment and the reason for carrying out exercises. An estimate of the 
expected duration of treatment should be given with a warning that a longer 
period of treatment will be required if initial healing is delayed. This will enable 
the patient to plan his work and family life, and help prevent the serious 
depression that can result from being told that several more weeks in traction are 
needed when the expectation had been that treatment was complete. Patients 
may need professional help to sort out the financial and legal consequences of 
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their accident. At a fairly early stage they may ask for an estimate of the severity 
of their final disubility and any likely deformity. They may be unpleasantly 
surprised to hear that they have damaged themselves permanently, and may 
welcome the opportunity to discuss this realistically. 

Many patients in traction are young and fit apart from their injury, which soon 
becomes painless. They must be kept alert and occupied to prevent boredom. It 
is important that the hospital radio equipment works and is within reach, and 
that personal radio and tetevision sets have earphones to avoid inconvenience to 
other patients. Arrangements must be made for bookrests and page holders if the 
patient is in an unusual position; mirrors if the patient has to lie Mat, prone, or 
kecp his neck stiff, so that he can see what is going on around him and who is 
approaching him; bed tables for handicrafts or modetmaking; a ‘long arm’ to pick 
up things dropped on the floor; patients with similar interests to be beside one 
another; children and students to continue their education with arrangements for 
work to be brought in by tutors and teachers, regular hours being set aside for 
this; adults, who will be unable to return to their previous occupation, to start 
their retraining by studying white in bed. 


Communication 

The nursing staff often will have to explain again what the doctors have told the 
patients about their treatment. They may be asked the same questions. It is 
important that all members of the team have discussed the problem so that they 
will all give substantially the same answers. Patients will often mention to the 
nursing staff, worries that they are reluctant to discuss directly with the medical 
staff, but be grateful when tney are discussed. 

Relatives often will need explanations and reassurance when they see traction 
apparatus, People confined to hospital for a long time need the support and 
interest of their visitors. Visiting must be made easy, but restricted if the patient 
tires easily. At all times a friendly watch must be kept to prevent children or 
playful adults jolting the patient, swinging the traction weights or decorating the 
cords in such a way as to interfere with their function. 


MEDICAL CARE 


Blood loss 
Broken bones bleed. The bleeding usually is concealed within the timb or trunk, 
with the resule that it is easy to underestimate the volume of blood which has 
been lost. 

The following table gives the minimum amounts that are likely to have been 
lost in ‘average’ closed fractures. It also gives the range of values for fractures of 
different severity. 


Table 8.1 O : 


Closed shaft fractures Range of blood lost ` Minimum average loss 
Tibia 500-1000 m! 500 ml {1 pint} 
Femur — shaft 1500-2500 ml 1500 m! (3 pints) 
Pelvis 2000-exsanguination 2000 mi {4 pints) 
Humerus ` 590-1000 ml 500 mi (t pin) -~ 


a aa, a a 
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If the fracture is badly comminuted or compound, aj least an extra 500 ml is 
added to the above amounts. These figures are based on the work of Clarke et al 
(1961) at the Birmingham Accident Hospital. 

If several bones are fractured the separate estimated losses are adde 
to calculate the total volume of blood to be aransfused. In severe cases tnis May 
exceed the normal circulating blood volume. 

When it is anticipated that a large volume of blood will be needed a filter 
should be used to lessen the risk of post traumatic respiratory insufficiency — OF 
shock lung. It is thought that dead cells and debris from stored blood may 
contribute to congestion in the lungs. The condition is described with further 
references in Rockwood and Green (1975). 

In most fractures 50% of the total blood loss occurs in the first 2 to 5 hours 
after injury (Clark et al, 1961), but femoral fractures bleed for longer. With all 
fractures further transfusion may be required if haemoglobin estimations show 
the late development af anaemia. 

Overtransfusion with consequent cardiac failure can occur when the volume of 
blood lost has been overestimated, or replacement infusions have been given (00 
quickly. The elderly are most at risk. 


d together 


Chest complications s $ 
A supine or semi-recumbent position wilt predispose to poor ventilation of the 
lungs, sputum retention, lobar collapse and infection, especially in the elderly. 
Sudden collapse with breathlessness and cyanosis may be the result of a 
massive pulmonary embolism from venous thrombosis. Smaller or recurrent 
emboli may be present with gradual deterioration in mental function, fevers, 
pleuritic chest pain and cough. Chest radiographs, estimation of the blood gases 
and a lung scan may support a clinical diagnosis. ? 
A fat embolism usually occurs soon after the original injury or a ™ 
adjustment of the position of the fracture. One of the earliest signs may be a 
change in the behaviour or mental state of the patient. This Presentation can be 
confused easily with the effects of alcohol withdrawal in heavy drinkers, the 
latter tends to occur efter the same time interval. Fat embolism is sometimes 
„accompanied by a petechial rash over the upper crunk, but this may be transient 
and therefore casily missed. An estimation of the blood gases is one of the most 
useful diagnostic tests — the partial pressure of oxygen may be dramatically 
lowered — although this will not differentiate it from a pulmonary embolism. 


ajor 


Urinary tract f 
Incomplete emptying of the bladder, due to the unaccustomed position 
predisposes to urinary infection, Incontinence may result in the elderly and 
prove a distressing and troublesome complication. 

Acute renal failure can occur as a result of inadequate restoration of the 
“circulating blood volume. Urinary output in the days following a major injury 
must be measured. - 

The recumbent position leads to urinary stasis with the result that calculi can 
form in the kidneys and bladder. Traction must be arranged so that the patient 
can easily alter his position. Beds shouid be tipped if possible. A good fluid 
inake and urinary output is encouraged. 
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Bowels 
Constipation is Jikely due to inactivity, the difficulty of using bed pans and 


perhaps the effect of opiate analgesia. -If allowed to persist, it can lead to fecal 
irmpaction and spurious diarrhoea as well as large bowel obstruction. 


Pre-existing conditions 
Pregnancy may add an extra dimension to the management of some patients. 


Treatment may have to be modified as a result. The insulin requirements of a 
patient with diabetes mellitus may be altered. 

Patients with pathological fractures due to metabolic bone disease or large 
doses of steroid may present special problems. If a patient's normal dosage of 
vitamin D is continued, hypercalcaemia can aceur. Steroids cannot be stopped in 
most cases. They often however contribute to delay in bone and soft tissue 


healing. 


CARE OF THE INJURED LIMB 


The injured limb must be examined twice daily. Where there is pain, soreness, 
discharge or odour, bandages, must be removed or a window cut in a plaster cast 
to enable close examination of the underlying limb. It is better to lose the 
position of the fracture than to ignore the possible development of a serious 
complication. ; . d 


Pain 

This may result from pressure sores developing in the groin, around the ankle, 
under the strapping or over the sacrum, or infection ofa pin track or a compound 
fracture. In children, who are being managed in modified Bryant’s traction pr 
congenital dislocation of the hip, pain may result from impingement of :he 
femoral head on the superior lip of the acetabulum. 


Paraesthesia or numbness 
This may result om impairment of normal nerve function by ischaemia, 
pressure or excessive traction on a nerve. 


Skin irritation 
This comes from 2llergy to adhesive strapping. 


Swelling 
This may be caused by the development of deep vein thromobis, lack of exercise 
or a bandage being applied too tightly. 


Weakness of ankle, toe, wrist or finger movement 

This may result from impairment of nerve function, disuse and muscular 
atrophy. The ulnar nerve at the elbow and the common peroneal nerve at the 
neck of the fibula are particularly at risk. 
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Reduced range of dorsiflexion of the ankle joint . 
This comes ftom contraction of the calf muscles and the posterior capsule 
joint, and may occur if the foot is allowed.to lie in plantarflexion. 


of the 


Painful limitation of dorsiflexion of the hallux 

This suggests ischucinia of the Nexor hallucis longus muscle; that of the fingers, 
ischaemia of the decep flexor muscles of the forearm. It must be remembered that 
the circulation in muscles can be impaired even although the peripheral pe 
are palpable. 


Much can be deduced about the condition of the fracture by clinical 
examination. Inspection, palpation and the careful use of a tape measure will 
usually show the presence of overlap, angulation or mal-rotation at acaba 
site. Mal-rotation is detected more easily by clinical than fee ie 
examination. In the lower limb, the anterior superior iliac spine, the middle 
the patella and the first interdigital cleft are usually in a straight line. This can be 
checked’ on the un-injured limb. If the limb is obviously short there must ve 
overlap or angulation at the fracture site or dislocation of a neighbouring joint- 

The resolution of the haematoma at the fracture site and its conversion Into ; 
callus can be followed by palpation. Pain at rest and on movement at eam i 
site passes off within a few days. As healing progresses towards union, te 
fracture site becomes less tender and movements decrease and ultimately 
disappear. In the early stages clinical examination is a better guide to progress 
than gadiographic examination. 


— 


THE TRACTION SUSPENSION SYSTEM 


The traction-suspension-system must be checked DAILY, and after each pe 
of physiotherapy or radiographic examination. . ` 


riod 


Bed and Balkan beam 

Regular checks are needed to ensure that the Balkan beam is firmly fixed to the 
bed and that all-clamps and brackets are secure. Ifa spanner is required for a 
it must always be hanging on the bed. 

If sliding traction is used the bed must be elevated at one end or side so tha! 
pull of the traction weights is opposed by gravity acting on the patient's pt ae 
If elevation is not provided, the patient will be dragged in the direction or 
traction weights, causing discomfort and skin friction. For skull traction the ne 
ofthe bed is elevated. For most other forms of sliding traction, the foot of the be 
is elevated. If the bed cannot be tipped, bed blocks or some other form © 
clevating frame must be provided. 


that the 


Splints : 
The position of the ring of a Thomas's or similar splint must be checked as it 
slip down the thigh, If the splint is continually slipping down the thigh, 
suspension cords must be adjusted to give an increased pull directed towards thc 


can 
the 


112 TRACTION AND ORTHOPAEDIC APPLIANCES 


head of the bed. The skin under the ring of a splint must be examined as it, or 
injudiciously placed cords, may rub in the groin. The rieg of a splint often 
becomes loose when the swelling associated with the fracture settles. Ifthe ring is 
not adjustable, the splint may have to be changed to one with a smaller ring. 
Only the ring of a Thomas's splint should rest on the bed. 

The limb must be kept away from the side bars of the splint — a common 
peroneal nerve palsy can easily occur. Any clamps on the splint must be Ught 
and hinges must move freely. 


Slings and padding 3 

Even the most skillfully placed slings and padding become wrinkled and 
displaced after a few days. It may be necessary to remove the bandages 
supporting the limb on the splint to allow the underlying limb to be examined. 
Afer the first few days, little discomfort will be caused to tbe patient by minor 
movements at the fracture site, so that it is easy to reposition padding. Slings can 
be tightened or loosened readily as long as the plan of attachment detailed on 
page 14 has been followed. The safety pins or tocthed clips are removed and the 
cloth slings tightened or loosened until the position of the fracture and limb 
looks and feels correct; the pins or clips are then replaced. Any padding which 
has become wet, soiled or lumpy is changed. The back of the heel and the tendo 
calcaneus are inspected for evidence of pressure sores. The most distal sling 
under the leg, must lie at least 2} inches G. 0 cm) above the insertion of the tendo 
calcaneus. N ‘ 
Skin traction 

If adhesive skin traction is being used, it must not be wrinkled, cause an allergic 
skin reaction or slide down the limb as a result of excessive traction being applied 
to it, 

If non-adhesive skia traction is used, it may need to be re-apphied frequently, as 
it may slip down the limb. 

The encircling bandage must be firmly applied, but must zot embarrass the 
circulation. The mallcoli must be checked for pressure or essence of friction 
from. the skin traction. The spreader bar to which the traction cords are attached 
should lie 4-6 inches (10-15 cm) beyond the ankle or wrist te allow freedom of 
movement of the foot or hand. 

If the skin becomes sore, skin traction must be discontinued. 


Skeletal traction 
Skeletal traction should not be painful. The pins or wire used for the application 
of skeletal traction must be immobile in the bone. The skin wounds must be dry 
and not inflamed, If the skin wounds are moist or inflamed, or the pin is !oose in 
the bone, infection of the pin crack may be present or immicent. When a pin 
track is infected, percussion over the bone through which the pin or wire passes, 
is painful. 

When infection of the pin track is present, the pin must be removed as soon as 
possible. A decision must then be taken either to replace the pin with another at a 
different site, to substitute skin traction, or to discontinue traction completely. 
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Generally it is not advisable to try to persevere with skeletal traction in the 
presence of infection even with antibiotic cover. —_, 

The type of pin in use must be recorded so that the correct technique can be 
used in its removal. A Steinmann pin can be pulled out easily and painlessly 
without analgesia using a chuck handle to grip the blunt eng, afier the sharp end 
has beci cleaned thoroughly, A Denham pii has to be unserewcl until the 
threaded portion is clear of the bone and skin. This can be painful if suitable 
analgesia is not given. 


Stirrups g 
The Böhler stirrup used to attach a traction-cord to a Steinmann or Denham pin 
must be clamped securely to the pin so that it does not slip sideways and press on 
the skin, causing skin necrosis and infection. This is more likely to occur if the 
pin has been inserted obliquely to the long axis of the limb. The stirrup must, 
rotate freely on its swivels. These often require Jubricauion. Because of the 
proximity of the skin wounds, it is best to use either sterilized.petroleum jelly or 
liquid paraffin. The pin must not rotate with the stirrup, otherwise the pin will 
become loose and infection of the pin track occur. 

The Kirschner wire strainer clamps firmly to the Kirschner wire, and 
therefore movement of the strainer is imparted to the wire. To ensure that the 
strainer does not become detached from the wire, strapping can be applied 
around the locking lugs. l 

The arch of the stirrup must not be allowed to rest on the limb otherwise 
pressure necrosis of the underlying skin will occur. The shin is the site most at 

* tisk. 


Cords 

The colour coding of cords performing different functions has been suggested 

(see p. 57) — red or green for traction cords and white for suspension cords. 

The cords must be attached firmly by standard knots which can be seen easily. 

The point of attachment of the cords must not have moved and all knots must be 

secure. Knots should be avoided in the length of any cord, to prevent it jamming 
in e pulley. Ifa cord is too short, it is better to replace it completely. If it ts too 
long it can be shortened at the weight end. All cords, traction and suspension, 
must be of adequate length to ullow the patient freedom of movement. To 
prevent fraying, the ends of the cords can be bound with adhesive tape or heat 
sealed if they are of nylon. Cords can also fray where they move over pulleys or if 
they are allowed to rub against each other. This is more likely with vigorous 
physiotherapy. The line of pull of the cords must be checked to ensure that the 
correct pull is being applied to the fracture, and that any splint is kept in its 
correct position, ; l ; 


w . 


Pulleys 

Pulleys must be of as large a diameter as possible to reduce friction and be free 
running. Some may require occasional lubrication. They must be attached firmly 
tothe Balkan beam. The cords must rest comfortably in the pulleys to minimise 
friction and fraying. : 
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Ifa multiple pulley system is used, the mechanical advantage of the system 
must be known, so that the correct weight is applied. In the example shown in 
Figure 4.3, a weight of 5 Ib (2.3 kg) exerts a pull of 10 ìb (4.6 kg) at C. 

PRECARE AZS 
Weights 
These come in many forms from cloth bags filled with sand, to metal weights 
and hangers. The weight used must be known and must include the weight of 
any hanger. They must hang free and not rest on the Noor or catch on the bed 
when the patient moves. It is sometimes necessary to bang weights over the 
patient. These mist always have an estia safety cord, separate liom the traction: 
suspension system, so that the weight cannot fall onto the patient. Weights 
which have to be removed to facilitate physiotherapy should be held by clips so 
that they are easily removable, 


RADIOGRAPHIC EXAMINATION 


When a fracture is managed in either fixed or sliding traction, regular 
radiographic examination with two exposures taken at right angles to each other 
is essential throughout the period of immobilisation, to ensure that reduction of 
the fracture is achieved and maintained until union occurs. It is important that 
the traction-suspension system is arranged in such a way that the radtographer is 
able to position her machine ctose enough to the patient to take thé views 
requested. She must be told which parts of the system can be moved and which 
parts must be left undisturbed, If the patient is to go to the radiology 

- department, instructions must be given as to whether the traction is to be left in 
place or removed during transit and radiography. A rough guide to the frequency 
of radiographic examination is: 


Two or three times in the first week while adjustments are 
being made to the traction, then 

Weekly for the next three weeks, then 

Monthly untl union occurs 

After each manipulation of the fracture : 

After each change in the traction weight. 


PHYSIOTHERAPY 


Hugh Owen Thomas (1876) emphasised the ‘combination of enforced, 
uninterrupted and prolonged rest; the first gives relief from pain, the second, 
added to the first, enables the case steadily to progress to a cure, and the third 
. secures that which has been gained’ whereas Lucas-Championniére (1895) 
believed that the full function of a limb returned earlier if muscle and joint 
contractures were prevented: This latter view is fully supported by Perkins 
(1970). The correct management of a fracture depends upon obtaining a balance 
between these two concepts so that the fracture unites in the best functional 
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position as rapidly as possible, the development of joint stiffness is prevented or 

minimised, as much muscle power as possible is retained, demineralisation of the 

skeleton is minimal, and the risk of pneumonia, venous thrombosis and cenal 

calculi is decreased (British Orthopaedic Association, 1955). 

The mental and physical condition of the whole patient as well as the 
condition of the injured limb is very important. Rehabilitation is begun! 
immediately, its intensity increasing as union of the fracture progresses, 
becoming maximal when union has occurred. 

The traction-suspension system employed in the management of a fracture 
should allow as much activity of the patient as possible, consistent with the 
requirements of the fracture itself. Every patient must be encouraged repeatedly 
to be as active as possible, Many patients being treated in (raction-suspension 
systems are afraid that they will upset the system or the reduction of the fracture 
ifthey move, It must be emphasised that this will not occur. Ifit does, the fault is 
that of the doctor who set up the system, and not that of the patient. 

The physiotherapist is an important member of the team, and must have full 
information about the patient. This information is obtained from the patient's 
notes and X-rays, the ward sister and her nursing records, and personal contact 
with the doctors in charge of the patient, It is not sufficient to rely upon written 
request forms. Having been told the diagnosis, the aims of treatment and 
whether the traction weights can be reduced or removed temporarily, the 
physiotherapist will devise the best programme of treatment for the patient in 

consultation with her senior colleagues and the other members of the team. In 
addition because of her close daily contact with the patient she is well placed to 
observe and report upon the early development of any complications which may 
need medical treatment, such as chest infection, deep vein thrombosis or those 
affecting the fracture. 

Emphasis is placed upon coughing and breathing exercises to keep the lungs 
clear and to encourage venous return from the limbs. Ankle and leg exercises will 
help to prevent deep vein thrombosis. Bad posture in bed, which could lead to 
backache, must be avoided. Part of each day should be spent lying flat to avoid 
the development of hip contractures. Joint stiffness and progressive weakening 
from disuse must be prevented by a programme of exercises. Once taught these 
can be done by the patient without supervision. If sufficient patients with similar 
problems can be grouped together in the ward, an element of competition can be 
introduced as an incentive. Any apparatus, such as weights and springs, which 

‘may be needed must be available for use at all times. 

Initially treatment of the injured limb is directed to the reductior. of swelling 
in preperation for subsequent movement. As soon as possible the patient must be 
encouraged to contract the muscles affected by the fracture or joint injury. 
Isometric contraction can be used if movement causes pain. Quadriceps exercises 
are important for injuries around the knee. They must be felt to contract. 
Exercises for the hamstring muscles must be carried out also. 

After removal of the traction, al! patients should have a period of time free in 
bed, during which they can develop confidence in their injured limb. The 
method of ambulation to be employed must be explained to them, and they must 
be warned that initially they could tire easily. 
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Patients often complain of pain in their feet when they first walk after a long 
period of time in bed. A board in the bed against which they can press their feet 
may help to prevent this. 

It must be possible to transport easily to the ward, all the equipment to be used 
by the physiotherapist. Sandbags which may be used to steady the limb in the 
early stages when parts of the tractõon are removed, can also be used along with 
weight boots and springs, by the patient to do his own exercises. 

Slippery boards are a great help in knee flexion exercises, when a split bed 
frame is notin use, as the heel of the injured leg slides more easily on the board 
than on the bed clothes. 

Ice should always be readily available, as it is very helpful in relieving pain and 
reducing swellings and effusions. Iz should be used for short periods and the skin 
protected with medical paraffin oil. The ice must always be wet and wrapped in a 
wet towel. This aids heat exchange and prevents the temperature dropping 
below freezing, with the attendant rsk of ice burns. Ice must not be used if skin 


sensation is abnormal. 
Ultrasound will help haematormata, which are not at the fracture site, to 


disperse. 


REMOVAL OF TRACTION 

The decision when to remove traction, is a compromise between the earliest 
possible ambulation and the avoidance of complications at the fracture site such 
as angulation, shortening and refracture. 

It is now common practice to comzinue traction until the fracture is stable, and 
then to change to another method of supporting the fracture until union has 
occurred. A fracture is stable when any deformity which is produced at the 
fracture site by a deforming force, tends to disappear when that force is removed. 
Thus in many stable fractures, movement at the fracture site, including 
telescoping on axial compression, caD be present. If movement causes pain or the 
deformity does not disappear on removal of the deforming force, the fracture is 
not stable, and pesmanent deformit may result if traction is discontinued at this 
stage. 

If it is not proposed to substitute another method of supporting the fracture 
when traction is removed, then traction will have to be continued for a longer 
period of time. Shortening, angulatson and refracture are likely to occur if there 
is definite tenderness of the callus oc movement at the fracture site; radiographs 
show that only a small amount of czlus is present, or is located mainly on one 
side of the fracture, or fine cracks are present in the cortex of one or other of the 
major fragments (Seimon, 1964). Charnley (1970) states that the occurrence of 
late angulation or spontaneous refracture of the temur is preceded by a decrease 
in the range of knee flexion. He suggests that there should be an initial period 
when the range of knee Nexion is measured daily. 

The following are examples of the Sength of time which adults might require to 
spend in traction for different fractures: ` + 
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Elbow fracture with olecranon pin 3 weeks 


Tibial fracture with calcaneal pin >. T 3-6 weeks 
{if traction is removed at 3 weeks it may be- 
advisable to incorporate the pin in a long 
leg plaster cast, and then remove it at 6 
weeks when a new cast is applied) 

Trochanteric fracture of the femur, allowing 
partial weight-bearing 6 weeks 

Femoral shaft fracture 


with application of cast brace and partial 


weight-bearing Í 6 weeks 

without external support and partial 

weight-bearing 12 weeks 
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Prescription of orthoses 


The term orthotics encompasses the provision of splints and appliances which 
improve the function and appearance of a patient. An orthosis is an appliance 
which is added to the patient, to enable better use to be made of that part of the 
body to which it is fitted, whereas a prosthesis replaces a missing part of the 
body. 

An orthosis is prescribed by a doctor with a specific aim in mind. With regard 
to the lower limbs, the main functions of which are to support the trunk and 
propulsion, the aim of prescribing an orthosis is to improve these functions by 
providing stability, overcoming weakness, relieving pain and cortrolling 
deformities. To achieve this an orthosis must be as strong, light, simple and easy 
to apply and manipulate as possible. In addition it should be cosmetically 

“acceptable to the patient. Occasionally operations are necessary to correct 
deformities, in order to simplify the manufacture and fitting of an orthosis. The 
prescription therefore must state clearly the disability for which the orthosis is to 
compensate, or the deformity which it is to correct; the anatomical limits of the 
orthosis; and the direction and type of forces which the orthosis is to exert. 

The orthotist receives the prescription, measures the patient, designs the most 
suitable.form of the prescribed orthosis and then makes out a detailed order 
specifying the materials, exact measurements and details of fitting. He may take a 
plaster cast of the patient's fimb or trunk to enable an exact model to be made, 
upon which the orthosis can be constructed. 

The detailed order form from the orthotist is sent to a workshop where the 
manufacturer's technician has to rely completely upon the information supplied 
by the orthotist, as he may never see the patient and may be in another part of the 
country altogether. This arrangement can cause difficulties, delays and 
frustrations. The ideal solution is when the orthotist discusses the problem with 
the doctor, sees the patient, takes his own measurements and constructs and fits 
the appliance himself. X 

When the orthosis is completed and finally fitted, the prescribing doctor must 
check that the orthosis complies with his original wishes, and does in fact help 
the patient. Only then is payment to the manufacturer authorised by the doctor’s 
signature. 


be 
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The doctor and the orthotist must work closely together. Frequent discussions 
are needed to clarify all but the most meticulous prescription if the patient is to 
receive most benefit, and unnecessary cost is to be avoided. Personal contact is 
always better than complicated forms, as a means of communication, 


DEVELOPMENT OF ORTHOTIC 
TERMINOLOGY 


There has been a recent revolution in the approved terminology for orthoses. 
This has been accepted in some areas and has met with firm resistance in uthers. 

There have always been many different types of splints and appliances with 
even more modificutions, because of patients’ varying size, shape and disability. 
To avoid lengthy descriptions of appliances, the name of the inventor or his 
institution was often used for brevity. The name did not necessazily describe the 
function of the splint or even its site on the body. Over the years, the named’ 
appliances frequently were modified until it became impossible to be certain in 
which form the appliance would be supplied when ordered by name. Sometimes 
this resulted in unsatisfactory orthoses being supplied. In addition it was not 
possible to work out a standard schedule of fees for use in North America. 

Committees, from interested bodies in the United States of America, were 
established to try to introduce a more logical method of prescribing orthoses. — 
Although knowledge and understanding of the underlying pathological process 
affecting the musculo-skeletal system is important in the prognosis and overalt 
care of the patient, differing pathological processes can result in the same 
biomechanical defects. Technical analysis forms were developed. On these forms 
the patient's sensory, motor and skeletal defects are detailed graphically. This 
enables an orthosis to be prescribed on the basis of the patient’s functiona! 
disability and the objectives of the treatment, 


TECHNICAL ANALYSIS FORMS 


There are four different technical analysis forms, one for the lower timbs (Fig. 
9.1), one for the spine and one each for the left and right upper limb (sce 
Appendix 2), all of a size which can be accommodated easily in 2 patient's notes. 

Each form consists of four pages. On the first page, details of the patient are 
entered. These include his name, age and unit number as well as hts ambulatory 
status and any major skeletal, sensory, motor or vascular impairment. At the 
bortom of the first page there is 2 legend of symbols which are used when 
completing the second and third pages of the form. 

On the second and third pages, there are skeletal outtines of the spine, lower 
limbs and upper limb depending upon the form. Circles, divided into 30 degree 
segments, are drawn over the major joints in the upper and lower limbs. Shaded 
areas represent the normal ranges of movement present at these joints. In the 


lower limb form (Fig. 9.1), further circles are drawn over the middle of che femur 


end tibia so that angular, rotational and translational deformities can be recorded 
diagrammatically. The boxes labelled V and H are used to record respectively 
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TECHNICAL ANALYSIS FORM LOWER LIMB 
Mame No... AO (SO 
Date of Ohar a ee E 


Occupation Present Lower-Limb Equipment n 


SE TO E E EENE ES S E E OO E AE A E EE E 


, : 
Ambulatory Non-Ambulatory O 


MAJOR IMPAIRMENTS: 


A Skeletal 
1. Bone snd Joints: Normal O Cn CAE 
2. Ligaments: Normal O Abnormal) Knee: ACO PcO mco cO 
> Ankles MCO ` cO 
3. Extremity Shortening: None O Le O Righ O 
Amount of Discrepancy:  A.S.S.-Heel ———— A.S.S..MTP___ MTP-Heel 
B. Sensation: Normal O Abnormal O 
1. Anaesthesia Hypaesthesia OD CE ANNEO E 
Protective Sensation: Retained O ton O 
2. PainO Location: 
C. Skin: NormaO Abnormal: 
° . 
D. Vascular: Normal 0 Abnormal O Right O tert O 
E. Balance: Normal O Impaired O Support: 


F. Gait Deviations: 


G. Other Impairments: 


t E G EN O ——qqq—m—— 


"S 
p = Direction of Translatory Volitional Force (V) Proprioception (P) 
Motion N = Normal N = Normal 
—_ G = Goou . 1 = Impaired 
F = Fair A = Absent 
R = Abnormal Degree of P = Poor 
60" Rotary Motion T = Trace O = Local Distension or 
g Z = Zero Enlargement 
= Fixed Position 
£ > Hypertonic Muscle (H) U . 
2 N = Normal n = Pseudarthrosis 
Eon M = Mild 
SY = Fracture S si x esi j = Absence of Segment 
` * 


Fig. 9.1 i 
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SAGITTAL CORONAL š TRANSVERSE 
Ant. Post. Med. Lat. ; Med. Lat. 


Fig. 8.1 
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SAGITTAL CORONAL TRANSVERSE 
Post. Ant. Lat. = Med. ‘ Lat. Med. 


HIP 


SUBTALAR 


Fig. 9.1 
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ummary of Functional Disability __ eee 


‘reatment Objectives: 
PrevenCorrect Deformity) Improve Ambulation O 
Reduce Axial Load O Fracture Treatment O $ 
Protect Joint O Other 


ORTHOTIC RECỌMMENOATION 


LOWER LIMB 


REMARKS: 


Signature z Date 


CEY: Use the following symbols to indicate desired control of designated function: 
F = FREE — Free motion. à 
A = ASSIST — Application of an external force for the purpose of increasing the range, velocity, or 


force of a motion, 

R= RESIST — Application of an external force for the purpose of decreasing the velocity or force 
of a motion. 

S = STOP — Inclusion of a static unit to deter an undesired motion in one direction. 


v = Variable — A unit that can be adjusted without making s structurat change. 
H= HOLD — Elimination of all motion in prescribed plane {verify position). 
L= LOCK — Device includes an optional lock. 


Fig. 9.1 
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the voluntary power and degree of hypertonicity of each muscle group. The box 
labelled P is for recording proprioception. 

The fourth page has spaces for recording a summary of the functional 
disability, and treatment objectives. Also on this page is the orthotic 
recommendation along with a key for its use. 

Detailed instructions for the use of the technical analysis forms and illustrated 
cases for practice in using them are to be found in the Arlas of Orthotics (1975). 


TERMINOLOGY FOR ORTHOSES 


As well as designing technical analysis forms, it was also necessary to develop a 
logical terminology for orthoses with which a physician could communicate to an 
orthotist or prosthetist the function desired from a device (Harris, 1973). It was 
decided to consider that the body consisted of three major anatomical regions, 
upper limbs, lower limbs and the spine; that all proper names would be 
eliminated from the terminology; and that orthoses would be described by the 
joints which they encompassed. 
The three major anatomical regions of the body are divided as follows: 


Table @.1 
Upper limb Lower limb Spine 3 
S Shoulder H Hip C Cervical 
(Humerus) (Thigh) T Thoracic 
E Elbow K Knee ‘ L Lumbar - 
(Forearm) (Leg) {Lumbosacral} 
W Wrist A Ankle SI Sacroitiac 
H Hand F Foot Subtalar 
Fingers MP Midtarsal 
2-5 PIP Mcet.-phal. 
DIP 
Thumb CM 
MP 
1P 


The terminology accepts the joint complexes of the hand, wrist and foot as 
individual descriptive units. Sometimes, for certain prescriptions, it may be 
necessary to subdivide these units into their component joints. 

“The areas listed in brackets are not part of the basic system, but are a 
modification which permits the system to be used in fracture bracing and other 
situations, where an orthosis does not cross a joint. As the use of the full names is 
unwieldly, the initial letters are used. A long-ieg caliper supporting the knee, 
ankle and foot therefore becomes a KAFO or knee-ankle-foot orthosis. 

After indicating the site of the orthosis in terms of the joints which are 
encompassed by the orthosis, it is necessary to specify what action the orthosis 
should have on these joints. The movements which may occur at normal and 
pathological joints are flexion, extension, abduction, adduction and rotation. In 
addition joints and long bones may be subjected to axial loading. Other terms are 


PRESCRIPTION OF ORTHOSES 125 


used when these are more familiar in relation to certain regions, for example 
pronation and supination instead of rotation of the forearm; lateral flexion of the 
spine to the left and right instead of abduction; inversion and cversion instead of 
rotation of the foot; and opposition of the thumb. 

By arranging the joints vertically and the possible mavements at these joints 
horizontally, orthotic recommendation charts for the three major regions of the 
body can be compiled. On these charts, movements at joints which can occur 
only with pathological conditions, are blocked out. 

Each of the movements possible ata joint can be controlled in five ways (see 
below). Some controls may be variable or be capable of being locked in position. 
The range of permitted movement is specified in degrees, and the permitted 
axial loading as a percentage of norma! load. The cantrols are as follows: 


F Free — Free movement 

A Assist — Application of an external force to increase the range, 
velocity or force of a movement 

R Resist — Application of an external force to decrease the velocity 
or force of a movement 

S Stop — The inclusion of a static unit to prevent undesired 


movement in a specified direction. When used alone, S 
means the restraint of gross movement in the neutral 
position of the joint 


H Hold — Elimination of all movement in a specified plane. The 
joint ts held in a specified position 
V Variable — The control can be adjusted by the patient or the 


orthotist, without making any structural change to the 
- orthosis. It is scldom used except with ‘STOP’ 
L Lock — The orthosis can be locked in position 


The terminology thus covers the site and extent of the orthosis, the direclion in 
which movements at joints are permitted or prevented, and the way in which 
these movements are controlled, 

This system should enable the doctor to identify clearly the biomechanical 
defects and to describe his intentions, and also should leave the orthotist free to 
make the best interpretation of these intentions with regard to the type of splint, 
fittings and materials most suited to the patient’s needs. 

Although the new terminology enables a clear anatomical and mechanical 
description to be given of the aims of the orthosis, it cannot itself describe the 
particular pattern of the appliance which the doctor may know from his 
experience to be best suited to the patient’s needs. It is long-winded in its 
description of commonly used and familiar appliances, in that a drop foot splint 
becomes an AFO-dorsi A-plantar R (ankle-foot orthosis - dorsiflexion assist - 
plantar flexion resist); a mallet finger splint becomes HO-DIP-H extension 
(hand orthosis - distal interphalangeal joint - hold in extension); and a 
Milwaukee brace becomes a CTLSO (cervical-thoracic-lumbar-sacroitiac 
orthosis) with 28 control symbols (Harris, 1973). The system is suited to the 
situation where there is not a commonly used orthosis which will fulfill the 
patient’s needs and where the orthotist is comprehensively trained and 

exnerienced. 
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There is still e great deal to be said in favour of a prescription written in 
general terms and backed up by personal contact with the orthotist. 

A sample prescription in general terms is given below for a child who, 
contracted poliomyelitis which affected one of his lower limbs, teaving weakness 
particularly of extension of the knee and dorsiflexion of the ankle. Contractures 


of the joints have not developed. 


Name John Smlth 

Age 13 years 

Poliomyelitis right lower limb with weakness of the 

quadriceps and dorsiflexors of the ankle. 

Orthosis required to stabilise the knee and compensate 

for weakness of dorsiflexion of the ankle 

Rx Right long leg orthosis with cuff top, adjustable side. 
bars, double automatic ring lock knee joints, round spur 
pieces and heel sockets with posterior heel stops, anterior 
thigh pad, calf band and ankle strap 


Diagnosis 


CHECKING AN ORTHOSIS 


After the patient has received his orthosis, it must be checked 
by the prescribing doctor. In the case of an orthosis for the l 
lower limb, the -following must be checked. 


z 


General : 


— Does the orthosis correspond to the prescription? 

— ls the orthosis of adequate strength and rigidity? 
— Is the orthosis free of:sharp edges and. rough areas?ien:: -°° 

- + Does the patient find the orthosis comfortable; Junctions! and - 
satisfactory in appearance? Bass: ~ a 

— Does it operate quietly? ae ie Wheat te gatas 

— Can the patient sit comforably when- cana ÎE? pano 

— When the orthosis is removed, is the skin nee of any. sgn of 


irritation? ; a i poteh 
Footwear — Lain : 
~— Does the she or r bòot fit satisfactorily whin the sole and: 
: heel are flat on the ground? So lpagsBas baigo Auss 


— Is any insert comfortable, and is it held in’ place firmly?: 
— Are any adaptations t to the shoe or boat those that were sipe ~ 
; ordered? - ie As ie boon arn at t ES wk, thes RA iS: ri : 
+: ls a T-strap, if fitted, attached to the Shoe or boot correctly} S 
` is it comfortable and does it give adequate support? nates 
— Do the heel stops, if fitted, make contart simultaneously with 
the side-bars? aa z a - 
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: Sidebars 22500 26.205 D CET o 
$ L Ațe the side-Lars fying in the mid-tateral line of the limb, and 
` are they contoured to the shape of the limb, with adequate 
', Clearance of hony prominences such as the head of the 
oo If the orthosis is-for a child, are the side-bars adjustable for 
-~ 7, length? 


‘ate 


_='Is!there clearance between the top of the inner. side-bar and 
„epi the perineum? . 

g — Isithe top of the outer side-bar just below the tip of the 

`.. greater trochanter, and at laast 1 inch (2.5 cm) above the top 
4 0f the inner side-bar. 


: = Afe the joints aligned with the anatomical joints, and do they 
: “provide the desired range of movement? x 4 
g — Ale the locks secure and easy to operate? l. 
““— Are the thigh and calf bands of the proper width, contoured 
: to the shape of the limb and correctly sited? . 


. — If the orthosis is designed to decrease axial loading, is the 
< +x, reduction adequate at the heel? . qe uP 


ch « 
e 


“TRAINING IN THE USE OF AN ORTHOSIS 


When a patient receives an orthosis, it is essential that he understands the 
function of the orthosis, how to put it on and taks it off, and how to look. after it. 
In addition he may require training in-the use of the orthosis, to enable him to 
acquire the maximuni benefit from its use. 


The teaining which a patient requires and receives is determined by his general 


medical condition, and is carried out by tamed staff under close medical 
supervision. Before walking in an orthosis, the patient must be able to balance, 
initially on both feet and then on each foot separately. Exercises to strengthen 
certain groups of muscles muy be required before the patient even wears his 
orthosis. Walking aids or even parallel bars may be necessary initially- When 
walking is started, it is tmportant that strides of equal length are taken even if 
these are very small initially. As confidence and strength improve, the stcides can 
be lengthened. 

Once the patient can walk with confidence, he must be taught to walk up and 
down inclines, and to climb up and dowg steps. It is important also that the 
patient can sit down in and rise up from different types and height of chatr, 
including a wheelchair if appropriate, as well as the toilet and car. Whenever 
possible patients should be taught how to pick objects up from the floor, and 
how to kneel, sit and lic on the Noor and how to get up again. 
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ER TEN w (o) ) 
n_its‘ care, and must ‘be! advised ‘tox Neots | 
Ais always handle the orthosis with care ; 
dropping it. “233 3 aS 
Examine his skin, ‘every. Hight for ‘evide 


pe of ee 4 


it Ke "pressure from. the’ “orthosis, ` jis t tan SHC Bea 
oo A: Each week open | ‘all Hie and remove any acc cüm uitda : 
ESA dirt, or tuft. E RUSSE v. REESS Aaea 

r Oil each joint \ Weeki ne oy ae Alten Ra ee fe ie 

Ror Inspect all moving pä aris Stot w wears if DSU p., hat all: Berend 

i _ Faire and Screws. ‘ard’ p present’ ane tne Bloosarateh ae 

: = :AInspect. all leather: parts fegularly;: kee pith ë P AS E 

! z YMfondition, and get any, necessà TÒ alrs-carle Solent ee 

: gel immediately... SERS aaa TA ie sae ed RoR 

ie Kéep the heels. ‘and goles 9 ithe, AG Pree 

LBL EBaconditions: sA kes ER Aeae 
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Spinal orthoses 


Over the years many spinal orthoses have been designed and later modified. This 
development has occurred largely in the absence of detailed knowledge of the 
biomechanics of the spine, with the result that the value, in mechanical terms, of 
many orthoses is doubtful. Much work is being done on the biomechanics of the 
normal spine, but as yet little on the effect of spina! orthoses on function in 
either the normal or diseased spine. This work must be increased so that orthoses 
which limit the different movements occurring in the different regions of the 
spine can be designed, manufactured and prescribed with precision. Before 
spinal orthoses can be prescribed, knowledge of the functional anatomy of the 
spine ds essential. Tt must be remembered, however, that the Movements which 
occur in a particular region of the normal spine may differ from those which may 
be possible in the presence of disease. 


FUNCT IONAL ANATOMY OF: THE SPINE 


MOVEMENTS OCCURRING IN THE DIFFERENT REGIONS OF 
THE SPINE 


The spinal column is basically a segmented cylindrical structure which subserves 
three main functions: protection of the spinal cord, support of the trunk, and 
transmission of the weight of the head, upper limbs and trunk to the pelvis and 
lower limbs. The segmental nature of the vertebral column confers considerable 
mobility upon the spine by the summation of the small amounts of movement 
that can occur between the individual segments. 

` The movements that occur in the spine are forward flexion, extension, lateral 
flexion and rotation. The range of movement and the directioris in which it can 


occur differ in each region of the spine, depending upon the anatomical structure 
of that region. 


Cervical spine 
In the cervical region the range of forward Nexion, extension and lateral Mexion 
is considerable. Rotation mainly occurs between the atlas and axis. Below the 
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level of the axis, the configuration of the articular facets prevents rotation 
occurring between the individual cervical: vertebrae (C2 to C7) without 


concomitant lateral flexion. 


Topit 


Thoracic spine i 
In the thoracic region, the ribs limit rotation less than they limit movements in 


the other directions. Up to 6 degrees of rotation can occur between adjacent 
vertebrae (Gregersen and Lucas, 1967). The centre of axial rotation in the 
thoracic region lies within or anterior to the intervertebral disc. Lateral flexion in 


this region is accompanied by some degree of rotation. 


Lumbar spine 
In the lumbar region, forward flexion, extension and lateral flexion are free, but 


rotation is limited not so much by the configuration of the articular facets of the 
posterior articulations as by the annulus fibrosus which restricts lateral 
displacement of adjacent vertebral bodies. The centre of axial rotation in the 
lumbar region lies posterior to the articular processes. Up to 10 degrees of 
rotation can occur at the thoracolumbar junction. A further 10 degress of 
roion can occur between the first and fifth lumbar vertebrae in the sitting 
pesition, this being increased to 16 degrees in the standing position (Gregersen 
and Lucas, 1967). Approximately 6 degrees of rotation, which is always 
associated with flexion of the fifth lumbar vertebra on the sacrum, can occur at 
the lumbo-sacral junction (Lumsden and Morris, 1968). a 

During walking, the pelvis and shoulders rotate in opposite directions, the 
amount of rotation depending upon the length of each step. 

The range of lateral flexion is greater in the upper region of the lunbar spine 
thea in the lower, being maximal at the L3/4 level (Tanz, 1953), whereas the 
range of forward flexion is greater in the lower region of the lumbar spine than in 
the upper, being maximal at the L4/5 and L5/S1 levels (Tanz, 1953; Allbrook, 
1$57). In forward flexion from the standing position, movement occurs both in 
the lumbar spine and at the hip joints. The distance, therefore, between the 
fincer tips and the floor, on carrying out this manoeuvre varies from one 
individual to another depending upon the length of the hamstring muscles and 
the mobility of the lumbar spine. For this reason, the range of lumbar flexion 
sheuld be tested in both the standing and sitting positions. The lumbar spine is 
substantially flexed when sitting erect, and the flexion is increased markedly 
when sitting slumped, the degree of forward flexion between the foursh and firth 
lumbar vertebrae actually exceeding that observed during maximal forward 
berding (Norton and Brown, 1957). As movement of the lumbar spine largely 
occurs secondary to niovements of the lower limbs on the trunk (Troup et al, 
1963), absolute immobilisation of the lumbar spine cannot be achieved by 
external support without severely restricting the movements of the lower limbs. 

During forward flexion and the early stages of extension of the flexed trunk, 
especially if this action is associaied with lifting, considerable forces are 
generated within the spine, particularly in the lumbo-sacral region. Contraction 
of the thoracic and abdominal muscles and those of the diaphragm and pelvic 
floor, raises the pressures within the thoracic and abdominal cavities and 
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converts these cavities into rigid-walled structures, which are capable of 
transmitting forces produced during bending and lifting, and thereby reducing 
the forces within the spine (Davis, 1956; Bartelink, 1957). The pressures within 
the thoracic and abdominal cavities increase as the weight lifted increases (Davis 
and Troup, 1964). It is calculated that these pressures decrease the force on the 
lumbosacral dise by 30 per cent und on the lower thoracic spine by 50 per cent 
(Morris et al, 1961). ‘The mechanical advantage of the pressure increases is 
greatest when the lumbar spine is Nexed. These pressure increases thus have 
their greatest eflect during the acceleration phase of lifting before the spine 
begins to extend (Davis and Troup, 1965). 

The load on the intervertebral discs in the lumbar region depends upon the 
position of the irunk and the weight of the body above but largely upon the 
tension developed by the muscles of the trunk. The pressures within these discs 
are greatest in the sitting position and are reduced by 30 per cent on standing and 
by 50 per cent on reclining (Nachemson and Morris, 1964). 


ORTHOSES FOR THE THORACIC AND 
LUMBAR SPINES 


FUNCTION OF SPINAL ORTHOSES 


The’ many different spinal orthoses which have been designed can be divided 
into two groups, supportive and corrective. They are used to relieve pain, tO 
support weakened or paralysed muscles and unstable joints, to immobilise the 
vertebral column in the best functional position while healing occurs, to prevent: 
the occurrence of deformity, and to correct an existing deformity. The 
supportive group includes orthoses made from various fabrics (belts and corsets), 
rigid spinal braces, and those moulded from leather, plastic, plaster-of- Paris and 
Plastazore. Those orthoses in the corrective group produce an active corrective 
force in one Or more directions. The various functional advantages that have 
been claimed for these different appliances are difticult to evaluate. 

Investigations have been carried out in an attempt to determine the effect of 
various spinal supports upon the mobility of the spine. However, the resuits of 
these investigations may not be applicable to patients suffering from disorders of 
the spine as the observations were made upon people with normal spines. 

Fabric supports restrict only the extremes of forward Alexion and extension 
(Van Leuven and Troup, 1969), and have a variable and unpredictable eficct 
upon rotation at the lumbo-sacral junction (Lumsden and Morris, 1968). 

An inflated Corset can reduce the pressure within the lumbar discs when 
standing (Nachemson and Morris, 1964): These findings may not be applicable 
to the fabric supports prescribed for patients. 

Long spinal braces, for example the Taylor brace (sce below), and the plaster- 
of-Paris moulded spinal support, increase movement at the lumbo-sacral 
junction, but decrease movement at the upper levels (Norton and Brown, 1957). 
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Rotation at the lumbo-sacra} junction is restricted by short spinal braces when 
standing, but increased when walking (Lumsden and Morris, 1968). 

In spite of the apparent mechanical deficiencies of spinal supports many 
patients obtain symptomatic relief from their use. This relief may be 
psychological, or may result from abdominal compression, from support of a 
pendulous abdomen and a concomitant decrease in Jumbar lordosis, from a 
change in the amount of movement occurring in different regions of the spine, 
from a decrease in activity of the various associated muscle groups, from local 
support of the sacro-iliac joints and ilio-lumbar ligaments or from a combination 
of all these factors. It is interesting that subjective support can be obtained by the 
application of non-elastic adhesive strapping to the lumbar and gluteal regions of 


the back. 


SUPPORTIVE SPINAL ORTHOSES 
Fabric spinal orthoses (spinal belts and corsets) | 


Spinal belts and corsets are the most commonly prescribed spinal orthoses 
(Perry, 1970). The majority of these orthoses are made from jean (twilled weave 
Egyptian cotton), coutil (herring-bone weave Egyptian cotton) or canvas (plain 
weave American cotton). They can be made also from duck (light canvas), rayon, 
nylon or airtex (open weave cotton). They are reinforced as necessary with bone 
or metal strips. Corsets extend further down over the buttocks and upper thighs 
than do belts to give a smoother contour, and therefore are _ prescribed for 
women. Belts are prescribed for men. 

These orthoses encircle the sacral region and extend a variable distance 
upwards, the term applied to them (sacro-iliac, lumbo-sacral, thoraco-lumbar) 
depending upon their depth posteriorly (see below). In front they are fastened 
with straps and buckles, eyelets and laces or hooks and eyes. In addition a 
fulcrum strap (Figs. 10.1 and 10.2), broad posteriorly where it is attached to the 
mid-line, and narrowing towards the front, fastens in the front with a buckle. 
Elastic insets may be let into the upper and lower margins to ease the fitting over 
the costal margin and around the buttocks respectively. 

Fabric orthoses, even when reinforced with metal strips, do not immobilise the 
spine; they only restrict the extremes of forward and lateral flexion, and 
extension. They probably function by supplying subjective support and by 
reminding the patient to avoid movements which may bring on or exacerbate his 


symptoms. 


A sacroiliac orthosis (SIO) 

` This is 2-6 inches (5-15 cm) deep posteriorly and basically consists of a wide 
belt of leather or fabric which encircles the pelvis, passing between the greater 
trochanters and the iliac crests on each side. It is fastened’anteriorly by straps and 
buckles or hooks. Perineal straps may be added to prevent the support from 
riding upwards. 
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Flap Elastic Gusset Intercostal Rigid Steels 


FN SIV 08: 


Elastic Gusset Gluteal Fulcrum Band Keeper Fulcrum Strap 


Fig.10.1 Lumbo-sacral orthosis. Typical minimum depth at the centre back is that from the 
thoraco-lumbar junction to the middle of the sacrum. 


A lumbo-sacral orthosis (LSO) (Figs 10.1, 10.2) 

This is 8-16 inches (20-40 cm) deep posteriorly. It extends up to the thoraco- ' 
lumbar junction posteriorly and covers the entire abdomen anteriorly. It has a 

closely fitting fulcrum strap, attached posteriorly, which passes around the pelvis 

between the greater trochanters and the iliac crests and buckles firmly in the 

region of the symphysis pubis, thus obtaining a grip on the pelvis and giving 2 

stable foundation to the support. Flexible or rigid vertical metal strips are 

incorporated posteriorly on each side of the spinous processes lo reinforce the 

support and to provide a wide stable area posteriorly from which the support can 

act on the abdomen. Further vertical metal strips can be added to increase 

rigidity. To ease pressure on the costal margin, elastic gussets can be let into the 

upper edge. Perineal straps or suspenders may be fitted to prevent the support 

from riding upwards. The support is adjusted by straps’and buckles or eyelets 
and laces. A ‘quick release’ panel of hooks and eyes is often incorporated. 


Fig. 10.2 Lumbo-sacral orthosis can be fitted with suspenders or groin straps. 
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A thoraco-lumbar orthosis (TLSO) 

This is more than 16 inches (40 cm) deep posteriorly, and extends upwards over 
the scapulae. Padded shoulder straps which must be kept fairly tight are fitted. 
Otherwise the basic construction is identical with that of the lumbo-sacral 


orthosis. It provides considerable support. 
When a support is worn by an obese, heavy-breasted woman, a ridge of skin 


and subcutaneous fat can be trapped between the upper edge of the support and 
the lower edge of her brassiére. This difficulty can be overcome by the addition 


of brassière cups to the support, or by advising the woman to wear a ‘long-line’ 
brassière. 


FITTING OF FABRIC: SPINAL oes 
Check ‘the orthosis E ae “ghd Mees oid 


— It must extend well down’ to the, “i ‘pubisigia cute 
— It must fit firmly and smoéthly over ee aia ja 
pi iliac crests and buttocks,: ai eb i 
'» — The posterior steel strips;must follo N: | oge 
1. “the sacrum and spines’ SBE Lan ad 
_— It must not interfere; with, hip ; flexion fan sit i Neat 
. —It:must not ride upwards; me 13) batten X aa ro Wy: ants 
— It must be comfortab e..Some. patients wijo. have:no “WOT: Kani 
:- orthosis before may find It. uncomforta ble) af ‘firat.} The Vay ais % 
;: should be advised to gradually onathen ne the ene 
, 8s they. would do. with. naw shoes: ba, 
9, Sigs Agi ` 
w Á db i Prey 


ee 


wig mek fu iss tif Hz 
iT: 


“Instruct tha” patient 22 


A yeh 74 ee E Z 

— The fulcrum strap must. Siaya t be “firmly: Buck led: 

— The other abdominal Straps or laces must be ‘tightened: firmly È 
also, although to ease pressure over ‘the? ‘Céstal margin : ‘and i} : 


thighs the upper and, lowermost fastenings may. bë: left a 
.. Slightly loose. „tet Ries ee z hasta ss a 


awe tot ie ae ELSA ARE ES 
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Immediate lumbar orthoses 

A fabric orthosis made to fit an individual patient takes time to manufacture. An 
easily made and cheap ‘instant’ lumbar orthosis has been described by Nichols et 
al (1966). A length of Tubigrip body bandage of either single or double 
thickness, extending from the nipples to the upper thighs, is rolled onto the 
patient. With the patient lying prone, sitting or standing, whichever is the most 
comfortable, 6-12 thicknesses of 6-8 inches (15-20 cm) wide plaster-of-Paris 
bandage are applied over the spine from the thoraco-lumbar junction to the 
sacrum. Orthoplast can be used instead of plaster-of-Paris. The top “a bottom 
of the Tubigrip bandage are turned back and fixed down. : 
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Rigid spinal orthoses 


All rigid spinal orthoses, except the anterior hyperextension orthosis described 
later, are constructed on the basis of a metal frame which takes firm support from 
the pelvis. Metal uprights, joined together by various cross bars, are attached to 
the pelvic support. Devices to apply pressure over the abdomen and over the 
front of the shoulders are provided. The metal frame is padded with felt and 
covered with leather. ‘ 

The metal frame must have a firm foundation on the pelvis to hold the 
appliance in contact with the body, and to distribute the body weight, 
transmitted by the uprights, over a large area. This can be obtained by using a 
pelvic band or a moulded pelvic corset. A pelvic band is made from Mat metal 
bars which encircle the posterior and lateral aspects of the pelvis and press upon 
the sacrum, These metal bars extend fora variable distance towards the midline 
anteriorly in different types of braces. A moulded pelvic corset (Fig. 10.8) gives a 
firm grip around the pelvis. The corset may be made of leather or plastic. A 
negative cast of the pelvis and abdomen is taken with plaster-of-Paris or 
Plastazote, from which a positive plaster model is made. The leather or plastic is 
moulded over the plaster model. 

The metal uprights attached to the pelvic support extend upwards for varying 
distances depending upon the length of spine to be supported. There are two 

“uprights posteriorly lying on cach side of the spinous processes — the back lever. 
To obtain more rigidity, further uprights can be attached laterally or anteriorly. 


Fig. 10.3 Taylor spinal brace. 


The uprights are joined together by horizontal cross bars. When lateral or 
anterior uprights are present, the cross bar in the thoracic region extends 
anteriorly around the trunk below the axillae (Fig. 10.4). 

Abdominal support is obtained by an abdominal plate (Figs 10.3, 10.5) ` 
attached by straps and buckles to the metal frame, or by a fabric corset (Fig. 
10.4). Pressure over the front of the shoulders to hold them back into the brace 
can be obtained by using padded shoulder straps or clavicular pads which curve 
upwards and press on the chest wall in the infra-clavicular region. 
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Fig. 10.4 Fisher spinal brace. 


Fig. 10.5 Robert Jones spinal brace. 


There are many tigid spinal orthoses with the same basic construction but 
called by different names. Some have withstood the test of time, while the 
existence of others is perpetuated by the written word (Perry, 1970). Described 
below are some of the more commonly used rigid spinal orthoses. The 
descriptions used are those found in the Surgical Appliances Contract 1972 of 
the Department of Health and Social Security. 


. 


Taylor spinal brace (TLSO) (Fig. 10.3) 
In 1863, C.F. Taylor described a spinal brace, for use in the treatment of 
tuberculosis of the spine, which can be considered as the prototype of all spinal 
orthoses designed to support the thoraco-lumbar ‘spine. It consists “of a wide 
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straight spring-steel pelvic band which extends forward in front of the anserior 
superior iliac spines. The pelvic band is completed anteriorly with leather straps 
and buckles. There are two parallel posterior uprights connected at the level of 
the scapulae by a cross bar made from a thin plate of moulded steel. Above this 
level the uprights gently angle outwards towards the shoulders. The steel frame 
is padded with a thin layer of fele and covered with leather. - 

Shoulder straps, covered by upward extensions of the leather covering the 
posterior uprights, pass from the uprights over the shoulders and back under the 
axillae to be attached to the cross bar. Abdominal support is provided by 2 rigid, 
padded, leather abdominal plate, extending between the umbilicus and the 
symphysis pubis, which is attached below to the pelvic band and above to the 
posterior uprights by two straps which pass backwards around the loins. Groin 
straps are fitted also. 

The Taylor brace limits forward Mexion, extension and latera! flexion of the 
thoraco-lumbar region of the spine and, to some extent, rotation of the lumbar 
and lower thoracic regions of the spine. It increases movement at the tumbo- 
sacral junction (Norton and Brown, 1957). 


Fisher spinal brace (TLSO) (Fig. 10.4) 

The Fisher spinal brace was described originally in 1886. It consists of a metal 
pelvic band to which two metal pelvic hoops, one on each side, are attached. 
These pelvic hoops arch over the iliac crests. There are two posterior uprights 
and two adjustable lateral uprights. A transverse metal bar, at the level of the 
inferior angles of the scapulae, joins the posterior and lateral uprights and ends 
anteriorly in axillary crutches. All the metal parts except the lateral uprights are 
padded with a thin layer of felt and covered with heather. 

Abdominal support is provided by a fabric corset which extends forward from 
the lateral uprights and fastens in the mid-line anteriorly. Well padded shoulder 
straps pass up from the tips of the axillary crutches, over the shoulders, Cross 
posteriorly, and then swing forwards again to buckle on the front of the corset on 
each side level with the iliac crests. 

The axillary crutches are not.designed to bear weight. If they press into the 
axillae, nerve palsies will result. — 

The Fisher spinal brace limits forward flexion and extension of the lower 
thoracic and upper lumbar regions of the spine. Luteral Mexion is limited more 
than with the Taylor spinal brace. Rotation of the thoracic spine is limited also. 


Thomas or Jones spinal brace (TLSO) (Fig. 10.5) 

This type of spinal brace was designed originally by H.O. Thomas. It was used 
„extensively by Sir Robert Jones instead of a plaster-of-Paris moulded support, for 
the ambulant treatment of spinal tuberculosis (Jones and Lovett, 1923). 

It consists of ¢ large padded pelvic strap which is attached posteriorly t0 2 
padded, leather-covered metal frame. Abdominal support is provided by an 
abdominal pad to which are buckled waist, pelvic and groin straps. Shoulder 
straps pass from the metal frame over the shoulders and under the axillae co be 
reattached to the metal frame at the level of the inferior angles of the scapulae- 


138 TRACTION AND ORTHOPAEDIC APPLIANCES 


FITTING OF, RIGID iota, team 


2: iskit ypa Piigandi 


“pelvic corset fits snugly around the. Belvios ti 
— Check that the posterior, metal uprights, follow, ‘closely Se 
~ ,contour of the-spine... (Å iph ciety ati. 
- After, checking the postarior uprights she he, shoulder: ; 
straps. if, fitted,, eyo. ile: SORA GF aane k EHET 
— Foston. tho groln and walst straps, abi : minal, plete s Or. fabric.) . 
_ . corset if fitted. |; y ydy d o hës sie Sigg shotdgens ct 
=: Check that the aniier giutenes, ii ae fs E sq 
the axillae. ad ne ER Me kahe sok Be 
— With a Jones spinal. tog when: ‘the. jatig, t Stands, JA vith a; , 
agd posture, it should be possible ; t9;slip p. two fingets;, jip ei 
., between the back. lever.and the,; upp sfapart pf. th the GSpin ailh “A 


Anterior hyperextension spinal brace (TLSO) (Fig. 10.6) 

This type of brace utilises a completely different method of construction from 
the above spinal braces. It was described originally by Hoadley in 1896, who 
used it to provide mechanical support ‘of the spinal column between the middle 
of the lumbar and the middle of the thoracic regions’. It employs the principle of 
three-point action of a bending force. Numerous modifications to this bface have 
been made, but that of Baker (1942) is described here-- 


A 


Fig. 10.6 Anterior hyperextension brace. 


- 


The anterior hyperextension spinal brace consists basically of a rectangular 
metal frame, the short sides of which fit over the front of the thorax and 
abdomen, in the pectoral and inguinal regions respectively, while the longer 
sides lie in the mid-axillary line. Pads, hinged on the metal frame, lie over the 
pubis and upper sternum. An elastic strap passes posteriorly from the side arms 
over the thoracic spine and, is kept sufficiently tight to hold the brace against.the 
patient’s body. Additional pelvic and thoracic straps may be added to keep the 
brace in position. © ` 
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Moulded spinal orthoses oa 
Moulded spinal orthoses fit the contours of the trunk and distribute the body 


weight over a very large area. They can be made from leather, plastic, plaster-of- 
Paris, Plastazote*, or the recently introduced Neofract* system. Their rigidity 
will depend upon the material used in their construction. A leather support can 
be reinforced by attaching metal bands. A Plastazote support is less rigid than a 
plaster-of-Paris or plastic support, but it is light and comfortable to wear, and 
can be moulded directly onto the patient, as can plaster-of-Paris. Leather and 
plastic supports require to be moulded over a positive model of the patient and 
therefore are more expensive and take longer to make than do those made from 
plaster-of-Paris or Plastazote. - 

These supports must extend from the symphysis pubis to the upper sternum 
anteriorly and be accurately fitted around the pelvis. They are cut low 


posteriorly (Fig. 10.7). 


A 


Fig. 10.7 Moulded spinal jacket, extends from the upper sternum to the symphysis pubis 
anteriorly and is cut lower posteriorly. 


PRESCRIBING A SUPPORTIVE SPINAL ORTHOSIS 


It is impossible here to give detailed indications for the prescription of the 
various spinal orthoses, as they depend upon the underlying spinal disability and 
its site and extent, the intensity of the patient’s symptoms and their response to 
other forms of treatment, the patient’s age and sex, whether the appliance is to be 
worn permanenily or only for a limited time, and the function required of the 
appliance (Berger, 1969). 

Before a spinal orthosis is prescribed, it is imperative that an accurate history is 
taken, a detailed physical and radiological examination is performed, and other 
special investigations are carried out in an attempt to diagnose accurately the 
cause and site of the patient’s symptoms. Treatment in all cases must be directed 
towards the underlying cause of the symptoms which often may be relieved by 
means other than a spinal orthosis. When symptoms persist or change, in spite of 
apparent adequate treatment, the patient must be reassessed carefully, as the 
symptoms may be due to a pathological condition, for example tuberculosis or 
neoplasia, which could not be detected initially. 


*See Appendix 
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Spinal orthoses.are prescribed commonly under a proper name, which name 
may be that of the original designer or someone who has modified the appliance. 
In addition many appliances, although called by the same proper name, may 
differ considerably in construction from place to place, and appliances of the 
same design and construction may be called by different names in different 

_ places. It is important therefore to describe accurately the orthosis required, the 
movements which it is intended to control, and td ensure that the orthosis 
supplied to the patient fits correctiy and fulfils its intended function. 


Fabric spinal orthoses oe 


Sacroiliac orthosis (SIO) ; 

This orthosis may be prescribed for the | rare cases of sacroiliac strain or 
instability of the symphysis pubis. 

Lumbo-sacral orthosis (LSO) 

These orthoses are prescribed commonly in the management of chronic low back 
pain which may be due to a variety of causes, such as generalised degenerative 
changes affecting the intervertebral discs and posterior articulations, prolapsed 
intervertebral disc in the later stages afier the acute symptoms have subsided, 
spondylolysis, spondylolisthesis,-- spinal instability, osteoporosis, minor 
compression fractures, and following some spinal operations such as spinal 
fusion. a 
Thoraco-lumbar orthosis (TLSO) 

This orthosis is prescribed instead of a rigid spinal orthosis when the patient’s 
symptoms arise from the thoracic or upper lumbar regions of the spine, from 
conditions such as generalised degenerative changes, senile kyphosis, 
osteoporosis, minor compression fractures, and spinal infections in the elderly. 


Rigid spinal orthoses 


Rigid spinal orthoses are more effective in reducing movement in the lower 
thoracic and upper lumbar regions of the spine than fabric supports. It must be 
remembered, however, that movement in the adjacent regions of the spine, 
especially the lumbo-sacral junction, tends to be increased (Norton and Brown, 
1957), and this increase in movement may give rise to pain, particularly if 
degenerative changes are present. 


Fisher, Taylor and Jones spinal braces 

All these spins! orthoses limit, to some degree, forward flexion, extension, lateral 
flexion and rotation in the thoraco-lumbar region of the spine, the Fisher spinal 
brace being the most effective, and the Jones the least. These spinal braces are 
used in the ambulant management of tuberculosis of the lower thoracic and 
upper lumbar regions of the spine, the more severe vertebral compression 
fractures, vertebral osteochondritis and osteoporosis, and marked weakness of 
the trunk musculature. : 
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Anterior hyperextension spinal brace 

This brace is uncomfortable if the pressure exerted over the thoracic spine is too 
great. It was designed to provide extension, but is more comfortable when used 
merely to prevent excessive forward flexion. Conditions which can be treated 
with this brace are compression fractures of the vertebral bodies and ankylosing 


spondylitis. 


Moulded spinal orthoses 
Moulded leather or plastic spinal orthoses are reserved usually for the 


management of severe deformities of the spine from any cause for which it would 
be impossible to manufacture and fit a fabric or rigid spinal orthosis. i 
Moulded spinal supports of plaster-of-Paris or Plastazote are used when the 


need for a support is temporary. 


CORRECTIVE SPINAL ORTHOSES 


Milwaukee brace (CTLSO) (Fig. 10.8) : 

The Milwaukee brace (Blount et al, 1958) is an active corrective spinal orthosis 
used almost exclusively in the ambulant treatment of structural scoliosis, the aim 
being to postpone, temporarily or permanently, the need for operation. It 


Fig. 10.8 Milwaukee brace. Note the throat mould anteriorly and the two occipital pads 
posteriorty. 

frequently has to be worn for a number of years, until the spine is stable. It is 
used also in the post-operative period. This brace is uscd occasionally in the 
management of ankylosing spondylitis and tuberculosis or other infection of the 
upper thoracic region of the spine. In these later instances, a pressure pad (sec 
below) is not necessary. 
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It consists of a moulded leather or Ortholene pelvic corset which fits snugly 
over the iliac crests, around the waist, and curves upward in front to support the 
abdomen. It is cut lower at the sides to avoid pressure on the costal margin. 
Metal side bars are attached to the leather pelvic corset to form a base from 
which one anterior and two posterior metal uprights pass upwards to a ring 
around the neck. This ring is inclined at 20 degrees to the horizontal, being 
lower anteriorly. The uprights are adjustable to allow for growth. There is a 
throat mould anteriorly. This replaces the previous submental pad, and its use 
avoids hypoplasia of the mandible and adverse effects upon the teeth. The throat 
mould does not press on the mandible, but closely follows the contour of the 
throat at the level of the hyoid, without pressing on the larynx. There are two 
occipital pads posteriorly. 

Rib rotation is corrected by a pressure pad facia over the rib prominences. 
The pressure pad is fixed to a single, heavy, broad leather strap which is attached 
to the uprights at the desired level by stud fastenings. The leather strap is passed 
over the posterior bar on the convex side so that the pressure is applied directly 
from the lateral side. To avoid pressure on a breast, the leather strap can be 
attached to an outrigger on the anterior bar. 

Because of the close moulding of the pelvic corset, the brace has to be remade 
as growth occurs. 
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— The throat mould must lie į inch {1.0 cm) inferior to the 
mandible and must clear the larynx by a similar distance 
when the patient’s gaze is level. 

— The occipital pads must lie inferior to and not behind the 
occiput, and be bent at an approximate angle of 45 degrees 
to the vertical. 

— Confirm the correct alignment, placement of the pads and the 
correction of the curve, with antero-posterior radiographs 
taken in the erect standing position. 


* 


Advice to patient and parents 


— Advise the patient to wear a cotton vest which is long 
enough to extend below the pelvic corset. This wiil protect 
the skin and keep the brace clean, 

— Regular washing and rubbing the skin with alcohol are 
important. Creams must not be used. 

— The brace is worn for 23 hours a day. While wearing the 
brace the patient must try to lead as normal a life as possible 
with the exception of contact sports and gymnastics. 

— Emphasise to the patient and the parents that the brace is an 
active corrective spinal brace, and that it is important that the 
patient carries out exercises twice daily both without the 
brace and also when wearing it. The patient is instructed in 
these exercises by a physiotherapist. The exercises are 
designed to obtain and maintain postural balance, correct the . 

, curve, increase muscular mengt and improve chest 
expansion. “4 
_7 The condition of the patient and the brace is assessed at 
intervals of three months. : 
Meralgia paraesthetica can occur during the wearing of a 
Milwaukee brace (Moe and Kettleson, 1970). 


, 


Boston brace (CTLSO) (Fig. 10.9) 
The Boston brace* (Hull and Miller, 1974; Asher and Whitney, 1980) is. 
prefabricated from į inch (3.0 mm) thick polypropylene. The pelvic corset opens 
posteriorly. It is vacuum-formed on a positive mould of a normal torso, and is 
available in twenty different sizes, with the result that approximately 95% of all 
patients with scoliosis can be fited. The corset is lined with 2 inch (7.0 mm) 
thick polyethylene foam with large firmer rolls of foam over the iliac crests. 
The brace is designed primarily for the treatment of lumbar and thoraco- 
lumbar scoliosis in which the apex of the curve is below the cighth thoracic 
vertebra. — 3 
TAAS 


“See Appendix. 
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Fig. 10.9 Boston brace. 


The'checking procedure and advice to the patient and the parents is similar to 
that for the Milwaukee brace. ; 


ORTHOSES FOR THE CERVICAL SPINE 


The head is balanced upon the cervical spine by the actlon of the neck muscles. 
The cervical spine exhibits a considerable range of movement in all directions. 
Inflammatory conditions or mechanical derangements of the cervical spine are 
associated commonly with spasm of the neck muscles and pain. This spasm and 
pain may be relieved by heat, massage and exercises, but occasionally 
immobilization of the cervical spine combined with support of the head to relicve 
pressure upon the cervical vertebrae, intervertebral discs and joints, and the 
cervical nerves is required. This can be achieved by spinal traction (see Ch. 6) or 
by external splintage of the neck. 

To immobilize and relieve pressure upon the cervical spine, an external 
support must be shaped to fit the contours of the lower jaw and occiput, the 
shoulders, clavicles and sternum and the upper thoracic spine. In the presence of 
a lesion of the uppermost part of the cervical spine, the forehead also must be 
included in the support. The inclusion of the thoracic spine and trunk depends 
upon the level, extent and severity of the lesion of the cervical spine. 

For adequate immobilization of a lesion above the level of the sixth thoracic 
vertebrae, the cervical spine must be immobilized. This is achieved by attaching 
a cervical support to a long spinal brace, or by prescribing a Milwaukee brace. 

There are many different types of cervical orthoses. 


. 


Temporary felt or foam ‘collar (CO) 
This collar does not control any movement in the cervical spine (Johnson et al, 
1977). It consists of a length of orthopaedic felt or foam rubber covered with 
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stockinetie. It is useful in an emergency cr when a temporary support 1s 
required, for example following muscle strain. It js prepared as follows: 
i] 


— Cut a strip of orthopaedic felt or foam rubber measuring 18 
inches by 8 inches (45.75 cm by 20. y cm) and fold it in half 
lerigthways. 

— Cover the felt or foam rubber with oo on leaving the 
ends long, to act as ties. 


Thomas’s collar (CO) 

Many different cervical orthoses are called ‘Thomas's Collars’. The original 
support described by Hugh Owen Thomas was made from sheet metal covered 
with felt and sheepskin. Thick plastic sheet is used commonly today instead of 
metal. They (Fig. 10.10) are ‘ready-made’ and are supplied in different sizes or 
arc adjustable, Great care must be taken to ensure that they are fastened securely 
around the neck, rest upon the chest and shoulders and support the chia, jaw and 
occiput. Often they are fitted incorrectly and do not support the cervical spine at 
all. 


Moulded cervical orthoses (CO) 
Plastazote. After being heated at 140°C for 5 minutes in a hot-air oven, a piece of 
Plastazote is moulded around the patient’s neck. It is then trimmed and secured 
with Velcro straps. In this way a support, holding the patient’s head in the most 
comfortable position, can be made accurately and rapidly: Care, however, must 
be taken while moulding the Piastazote around the neck, especially with men, to 
allow adequate room for the larynx to move during swallowing. 

Polythene. Supports made from polythene (Fig. 10.11) are used usually for 
immobilization of the cervical spine after operation. However, unlike Plustazote, 
a plaster model over which the polythene is moulded, must be made first. 


Fig. 10.10 Thomas's collar. 
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Fig. 10.11 Moulded polythene cervical orthosis. 


These cervical orthoses, which have moulded chin and occipital supports, and 
which extend down over the upper part of the thorax, control flexion and 
extension between the occiput and the third cervical vertebra (Johnson et al, 
1977). 


SOMI brace (Fig. 10.12) ' 

The SOMI (Sterno-Occipital-Mandibular-Immobilizer) brace does not have a 
back plate, and thus allows the patient to lie flat on his back without discomfort. 
This brace has a padded plastic chest plate and two padded shoulder extensions 
which hook over the tops of the shoulders. From these shoulder extensions, two 
straps which cross in the interscapular region, pass downwards and around the 
chest wall to attach to the lower part of the chest plate. There are three adjustable 


Fig. 10.12 SOMI brace. 
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uprights which pass upwards from the chest plate, two to the padded occipital 
support and one to the mandibular support. ` 

This brace can be applied with the patient supine. It is more comfortable than 
the four-poster-cervical brace. It is most effective in controlling foward flexion 
between the first and fourth cervical vertebrae, especially at the atlanto-axial 
joint. It is not so effective in controlling extension and lateral flexion (Johnson et 


al, 1977). 


Four-poster cervical brace (Fig. 10.13) 

This consists of a padded chin cup and occipital plate attached by four adjustable 
turnbuckles to two padded plastic plates, one anteriorly and one posteriorly. 
There are in addition two axillary and two shoulder straps. Two straps connect 
the chin cup and occipital plate, one an each side of the head. 


. 


Fig. 10.13. Four-poster cervical brace. 


It is easy to apply and adjust. It can be applied prior to radiological 
examination when bony injury to the cervical spine is suspected. 

This brace is effective in limiting flexion in the mid-cervical region, but is less 
effective in controlling flexion in the lower cervical spine. It does not restrict 
lateral flexion or rotation (Johnson et al, 1977). ` 

A modification of this brace, in which the chest and back plates extend further 
down the trunk, and the anterior and posterior components are connected by an 
encircling thoracic strap with rigid metal connections on each side of the head 
and over both shoulders, is most effective in controlling flexion and rotation of 
the lower part, and extension of the upper and middle parts of the cervical spine 
Uohnson et al, 1977). 
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Halo-body orthosis* (Fig. 10.14) 

The halo-body orthosis and its application are described in detail in Chapter 6. 
This orthosis consists basically of an oval metal band, the halo, which is fixed to 
the patient’s head just above the eyes and ears, by four metal pins screwed into 
the outer table of the skull. The halo in turn, is attached to a two-part padded 
plastic body vest by four adjustable metal uprights, which enables the head to be 
moved in all directions until the optimum position is obtained. 


Fig. 10.14 Halo-body orthosis. 


Minerva jacket 

In the presence of a lesion of the uppermost part of the cervical spine, the 
forehead also must be included in any external support. As well as the halo-body 
orthosis, the Minerva jacket, so called because of the similarity of the head 
portion of the jacket to the shape of a Roman battle helmet, made from plaster-of- 
Paris, can be used (Fig. 10.15). 


PERCENTAGE RESTRICTION OF NORMAL MOVEMENT 
PROVIDED BY CERVICAL ORTHOSES 


The following table is compiled from the findings of Johnson et al ( 1977) who 
carried out a study comparing the effectiveness of different cervical orthoses in 
restricting movement in the cervical spine in normal subjects, 


_— we 


*See Appendix. - . 
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Fig. 10.18 Minerva plaster-of-Paris jacket. 


In the following table, the figures represent the percentage reduction in the 
normal range of movement conferred by the different cervical orthoses. 


Table 10.1 r 
Flexion Extension Lat. flexion Rotation 
Soft collar 25 20 10 20 
Moulded orthosis 70 60 35 60 
Somi brace 95 40 ; 35 70 
Four-poster brace 90 80 55 70 
Modified four- 95 90 50 80 
poster brace : 


Halo-body orthosis 95 95 95 99 


It can be seen from this table, that the halo-body orthosis controls movement 
in the cervical spine better than all the other orthoses. In addition, the way in 
which the halo is attached to the plastic body vest allows very considerable 
adjustment of the cervical vertebrae in all directions including longitudinal 
distraction (see Ch. 6). When accurate control of rotation, lateral flexion and 
flexion and extension of the cervical spine is required after serious fractures and 
fracture-dislocations, the halo-body orthosis is the orthosis of choice. 
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Lower limb orthoses 


-2 


A caliper is an orthosis for the lower limb which may be used permanently or for 
a short time only. Its functions are: 


To provide stability for a weakened, paralysed or unstable limb. 
To relieve weight bearing. 

To relieve pain. 

To control deformity aggravated by postural forces. 

To restrict movement of the jaints of the lower limb. 


Two or more of these functions may be combined. The ultimate aim is to 
enable the patient to walk. To achieve this a caliper must be strong, light and 
easy to apply and manipulate. In general the more simple an appliance is, the 
better. ; 

There are two main types of caliper: 


WEIGHT-RELIEVING CALIPER (KAFO — Weight 
Relieving) 


_ The body weight is transmitted from the ischial tuberosity to a padded ring or 
moulded leather (bucket) top, through metal side bars to the shoe and hence the 
ground. In practice a weight-relieving caliper provides only partial weight relief. 
Its use is indicated when it is advisable to decrease the amount of body weight 
taken through the bones of the lower limb. 


CHECKING A WEIGHT-RELIEVING CALIPER 


This may be carried out in two ways. 

— With the patient supine, lift the splinted leg at right angles to 
the body. Place the finger between the bearing point of the 
caliper and the ischial tuberosity. Lower the leg. If *he finger 
is trapped, the length of the caliper is correct. If the finger 
can easily be removed, the caliper is too short; it the ring 
slips pest the finger, the caliper is too long. 
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.— With the ‘patient standing | ‘and sitting be dik o on. ‘the callper top. 
`. it should just be ee to aip a ay ‘under the panang s. 
i EEE EEE ES 
Advise the patient to sit back on the top of the caliper and to avoid leaning 
forward with the hip flexed, because as the hip-is flexed, the point’of contact is 
transferred forwards progressively from the ischial tuberosity 10 the ischial 
ramus and finally the pubic ramus s (Young, 1929). 


NON wir anne CALIPER (KAFO) 


1. Long leg brace (KAFO) similar i in design toa weight- relieving caliper but the 
body weight is not supported on a ring. The ring merely locates the upper 
end of the side bars. This type of caliper is used mainly to control deformity 
or to sestrict the movement of the joints of the lower limb. 

2. Below-knee appliance (AFO) used when the ankle or foot alone requires to be 
controlled. . 

The basic design of a caliper — two metal side bars connected superiorly by a 
band encircling the upper thigh, and inferiorly to a shoe — may be modified, 
depending upon the function required of the caliper. The common variations of 
each part of a caliper and their functions are described below. 


UPPER END OF A CALIPER 


The upper end of a caliper may be fitted with a ring, cuff or block leather bucket 
top. | 


Ri ing top ! 


A ring top (Fig. 11.1) consists of a metal ring padded with felt and covered with 
leather. It may or may not be weight-relieving. Ifthe ring top is to transmit body 
weight, it must be a snug fit, otherwise the ischial tuberosity will slide through 
the ring, weight relief will be lost and the ring will press into the perineum 
where it may cause a pressure sore. 

This type of top is often used on calipers for children, or for temporary calipers 
for adults. It is simple and cheap to construct. 


Cuff top 

A cuff top (Fig. 11.2) consists of a broad posterior ar thigh band padded with 
felt and covered with leather. Anteriorly there is a broad soft leather band 
adjustable by means of a strap and buckle or a Velcro fastening. A cuff top cannot 
be weight-relieving. 

Ic is simple and cheap to construct, is less bulky than a ring top, and is easy | to 
apply. A cuff top is particularly indicated when, in the presence of marked 
wasting of the thigh, it would be maps to pass a ring top of the correct size 
over the foot or the knee. 
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Fig. 11.1 Ring top caliper (KAFO) with unjointsd adjustable side bars, round spur pieces, 


anterior knee cap, posterior gutter piece and ankle strap. 
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i T ii pë 
— — Anterior thigh pad —m- 


Tol ———_ Ring-locking joints 
J J 


Anterior and posterior ——*—- 
calf band 


Fig. 11.2 Cuff top caliper (KAFO) with non-adjustable side bars, ring-lock knee joints, round 
spur pieces, anterior thigh pad, anterior and posterior calf bands and ankle strap. : 


Block leather bucket top 

This type of top is made by moulding leather over a plaster cast of the thigh. The 
leather bucket fits accurately around the upper third of the thigh, and has a 
posterior curved lip on which the ischial tuberosity rests. It is reinforced 
posteriorly by a transverse meta! band connected to the side bars. A metal strip 
with a flange projects upwards to support the bucket under the ischial tuberosity. 
Straps and buckles or lace eyelets are fitted anteriorly (Fig. 11.3). 

As this type of top must be made carefully, it is more expensive to manufacture 
than the other two types. Its use is reserved usually for permanent adult weight- 
relieving calipers. When the knee is unstable, support can be provided by 
extending the bucket top downwards to enclose almost the whole thigh. 
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——- Bucket top ——-— 


Joint release strap 


p --- 


——--- Anterior thigh pad 


sa ONGCK JOWNS es 
i] Elastic band 


——-—- Anterior and posterior —-—-— 
calf band ' 


Fig. 11.3 Moulded leather bucket | top caliper (KAFO) with non-adjustable side bars, barlock 
knee joints, round spur pieces, anterior thigh pad, anterior and posterior calf bands and 
ankle strap. 


PELVIC BAND AND HIP JOINTS 


A pelvic band is a padded rigid metal band covered with leather which encircles 
_ the pelvis posteriorly (extending between the anterior superior iliac spines), and 
Presses on the sacrum. It is fastened anteriorly with a broad-padded leather strap 
and buckle. Lateral metal bands extending downwards from the pelvic band 
hinge with upward extensions of the lateral side bars of long kg calipers 
(KAFOs) at the level of the hips (Fig. 11.4). As the orthosis crosses the hip joint 
it is now called a HKAFO. It is better to use two long leg calipers with a pelvic 
band. If only one caliper is used, the pelvic band can rotate on the pelvis. 
The hinge or hip joint may allow either free flexion or extension, or be fitted 
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f 


Fig. 11.4 Pelvic band and hip joint for HKAFO. Note that the pelvic band encircles the pelvis 
below the anterior superior iliac spines, and the hip joint is positioned slightly in front of the 


greater trochanter, 


with a Jock to limit these movements either separately or in combination. It is 
important that the hip joints of the appliance are positioned on the axis of hip 
flexion — parallel and adjacent to the greater trochanters of the femora — 
otherwise discomfort is experienced by the patient, and unnecessary stress is 
thrown upon the appliance. A limited abduction joint may be needed also for the 
older, heavier child or adult to prevent the rapid wearing out of the Nexion- 
extension joint. 

If support to decrease tumbar lordosis is required upward extensions from the 
pelvic band to 2 !umbo-sacral support may be added. This orthosis would then 
be classed as a LSHKAFO (Lumbar, Sacroiliac, Hip, Knee, Ankle, Foot 
Orthosis). 

The function of a pelvic band with hip joints is to prevent the development of 
a flexion deformity and to control adduction and medial rotation at the hip, in 
the presence of muscle imbalance around the hip, following anterior 
poliomyelitis, spina bifida or cerebral palsy. In addition these appliances increase 


the stability of the spine. 
These appliances are always very cumbersome, even although they can be 


made with only a lateral side bar to the Jong leg calipers when the pelvic band is 
well fitting. They should be recommended only after very careful consideration, 
as the patients who require such appliances are seldom able to walk more than a 
few yards, even although their stability and mobility may be improved. Light 
appliances which simply brace the lower limbs may be better, the patient using 


crutches and a swinging gait. 


SIDE BARS 


Stability is provided by metal side bars which must be both Strong and light, 
Steel is used for calipers for the lower limbs in heavy patients, the active child, 
and when severe spasticity cr athetosis is present, and fer Rermanent Calipers. 
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Duralumin is suitable for the side bars of light appliances. The moving parts, 
joints and the attachments of the caliper to the shoe, are always made of steel. 
The side bars are shaped to the contour of the limb and must not cub the skin. 
In children they must be adjustable for length to allow for growth (Fig. 11-1). 
‘The side bars are attached proximally to the ring, cuff or block leather bucket 
top, and distally are slotted into the heel of the shoe or boot. Knee joints may be 
incorporated. 


KNEE JOINTS 


The normal knee is a combination of a hinge and a sliding joint. It is not 
practicable to make an artificial joint which accurately follows normal knee 
movement. The nearest point corresponding to the natural axis of movemen: is 
situated ł{ inch (1,25 cm) above the joint line, and a little posterior to its centre. 


Ring lock knee joint 

The ring lock knee joint is the safest and most durable. It is illustrated in Figures 
11.2 and 11.5, The axis of rotation of the joint is eccentric to prevent the anterior 
edge of the male section from projecting when the joint is flexed. The ring is 
pulled up to allow the knee to flex and is pushed downwards when the knee is 


Fig. 11.5 Manual ring-lock knee joint. 


extended, to lock the hinge. A spring-loaded ball controls the position of the 
_ ting. A patient must have sufficient power in the fingers to manipulate the ring 

lock. In hemiplegia, the ring lock knee joint must be fitted to the same side of the 
caliper as the normal upper limb, and a simple non-locking joint to the other side 
bar. 

Ring Tock knee joints with springs which automatically lock the joint when the 
knee is extended, may be fitted. An automatic ring lock must not be fitted to all 
four hinges when two calipers are worn, as it is impossible for a patient to 
manipulate all four ring locks simultaneously while attempting to sit down. A 
further modification of the automatic ring lock is called the rod-spring ring lock. 
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This consists of a ring lock to the ring of which a length of rod with a co-axial 
spring is fitted. An upward pull on the rod raises the ring and frees the joint. 
When the knee is extended, release of the rod allows the co-axial apring to push 
` the ring down and lock the joint. This type of locking knee joint is used when a 
patient is unable to Jean forward far enough to operate an ordinary ring lock knee 
joint, or when he cannot regain the erect position after bending forward. 


Barlock (Swiss lock) knee joint 
The barlock type of knee joint (Figs 11.3 and 11.6) locks automatically on 
extension of the knee. By pulling on a strap attached to a curved posterior bar 


/ ee 
ey 


Fig. 11.6 Barlock knee joint. Note the arc of movement of the pawl. 


connecting the pawls, the pawls on both sides are released simultaneously, thus 
allowing knee flexion. The release strap from the curved bar is attached to the 
top, outer edge of the block leather bucket or ring top. A broad elastic band 
connecting the curved bar to the calf band provides the a aai tension for the 
locking device (Fig. 11.3). 

The main disadvantage of this type of locking knee joint is that with lateral 
malalignment, the pawls may not fit into.their notches accurately, and therefore 
malfunction may occur. This joint is used only on permanent appliances for 
patients who will always have to walk with an extended knee, as this joint cannot 
be left unlocked. The barlock knee joint must never be used when spasticity is 
present, as failure is very likely to occur. 

It is important that this type of knee joint is manufactured correctly. The tips 
of the pawls move through an arc of acircle. To ensure accurate locking, the lugs 
on the distal side of the knee joint must lie on the same arc, and must therefore 
point upwards and backwards (Fig. 11.6). 


Posterior off-set knee joint (Fig. 11.7) 

The posterior off-set knee joint is a non-locking type of joint. When incorporated 
into a long leg caliper, the axis of movement of the joint is situated posterior to 
the axis of flexion/extension of the knee. This means that when the knee is in at 
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Fig. 11.7 Posterior off-set knee joint. 


least 10 degrees of hyperextension, the posterior off-set knee joint is stable as the 
body weight passes down a line anterior to the axis of movement of the joint. 

These types of knee joints are used instead of locking knee joints in the 
‘cosmetic’ appliances, which have been introduced recently, for patients with a 
flail lower limb who exhibit at least 10 degrees of hyperextension at the knee (see 
later). Hyperextension can be aided if necessary by lowering the heel of the shoe 
slightly and adding a small raise to the sole. 

Knee joints usually are not fitted to children’s calipers. Locking knee joints 
may be essential for a spastic child or to aid in sitting at school. They are 
reserved for permanent adult calipers, cither weight relieving or non-weight 
relieving, to case sitting. 


HEEL ATTACHMENT OF SIDE BARS 


The distal ends of a caliper may be attached to the shoe or boot by means of heel 
sockets or via a stirrup. m = 


HEEL SOCKETS 


The distal ends of the side bars of a caliper are bent inwards at a right angle and 
slotted into metal sockets fitted into the heel of the shoe. The caliper ends (spur 
pieces) and the heel sockets may be round or flat (rectangular). 


Round sockets 

These are employed when muscle mat is adequate and the patient is able to 
dorsiflex and plantar-flex his ankle. The disadvantages of the round socket are 
that movement at the anatomical ankle joint does not correspond with the level 
of the ankle joint of the appliance, with the result that the appliance rides up and 
down with dorsiflexion and plantar-flexion; compression of the calf by the calf 
band occurs on dorsiflexion; and the heel tends to slip out of the shoe. The 
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advantages of round sockets are that they are easier to make and adjust, the 
apparatus is lighter, and different shoes are interchangeable easily. 
Round sockets are used usually for children’s calipers, and for temporary 


calipers for adults. 


Flat (or rectangular) sockets 

This type of heel socket’ allows easy interchangeability of shoes but does not 
allow the heel of the shoe to pivot. It is therefore usually employed with an ankle 
hinge (Fig. 11.12). A Nail ankle could be controlled by flat sockets without an 
ankle hinge, but fixation is too rigid and the shoe would not withstand the strain 
unless it was reinforced. Flat sockets are expensive and are reserved usually for 


permanent calipers. 


STIRRUPS 


There are two types of stirrup attachment, the ordinary stirrup and the sandal or 
insert stirrup. i 


Ordinary stirrup f 

An ordinary stirrup consists ofa U-shaped piece of metal which is rigidly fixed to 
the anterior part of the underside of the heel of the shoe. The arms of the U pass 
up and slightly backwards (about 5-6 degrees) on each side of the shoe to ankle 
joints positioned on the axis of movement of the anatomical ankle joint. 


Sandal or insert type of stirrup i 

In this type a footplate is attached to the stirrup, both of which are placed inside 
the shoe (Fig. 11.8). The main advantage of this method is that shoes can be 
changed easily. Moreover, as the foot plate and stirrup take up room in the shoe, 
it may be possible to wear shoes of the same size when there is a discrepancy in 
the size of the feet, as may occur in patients who have had poliomyelitis. The 
disadvantages of the sandal type of stirrup are that pressure sores may develop, 


ve 


Fig. 11.8 Sandal or insert type of stirrup. 


and control of movement between the foot and the foot plate is difficult. The 
sandal type of stirrup must never be used for patients with paraplegia or sensory 
disturbance in the foot. 
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TOE-OUT 


When arranging the attachment of the side bars of a caliper to a shoe by any of 
the above methods, it is necessary to provide toe-out, to prevent the patient from 
tripping over his toes. The amount af toc-out required is determined 
individually, It depends upon the relationship between the axes of movement of 
the knee and ankle joints, which in turn depends upon the degree of tibial torsion 
present. The amount of toc-out usually provided is.10 to 15 degrees. To achieve 
this the attachment of the inner side bar of the caliper is positioned slightly 
posterior to that of the outer side bar (Fig. 11.9). 


ae" 


Fig. 41.9 Toe-out. 


. ANKLE JOINTS 


A joint at the level of the ankle follows the natural ankle movement. It can be 
constructed to allow free movement, or to limit pfantar-flexion or dorsiflexion or 
both. 

It is essential that the axes of movement of the mechanical and anatomical 
ankle joints are identical. The axis of anatomical movement lies on a line which 
passes from just below the tip of the medial malleolus and which bisects the 
lateral malleolus one half inch above its tip. 

When ankle joints are incorporated in a caliper, flat heel sockets (Fig. 1 1.12) or 
a stirrup are necessary. As these fittings are difficult and expensive to make, they 
are reserved usually for permanent adult calipers or when a toe raising device is 
required. . 


- 


CONTROL OF ANKLE JOINT MOVEMENT (AF0) 


Movement at the anatomical ankle joint can be controlled by specially 
constructed mechanical ankle joints, or, when round heel sockets are used, by 


heel stops. 
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Heel stap 

This is a metal lug attached to the anterior or posterior aspects of a round heel 
socket (Fig. 11.10), to limit dorsiflexion or plantar-flexion respectively. If 
plantar-flezion is weak, excessive dorsiflexion can be controlled with a front or 
calcaneus stop. Conversely if dorsiflexion is weak, foot control can be improved 
by adding a back or equinus stop. In the presenc+ of a flail ankle, front and back 
stops can be fitted so that only a few degrees of dorsiflexion and plantar-flexion 
are possible. The main disadvantage of this method of controlling ankle 
movement is that the axis of movement of the appliance does not correspond 
with that of the ankle joint, with the result that considerable stress is imposed 
upon the heel sockets and the shoe itself. 


Fig. 11.10 Back heel stop fitted to a round heel socket to control plantar-flexion at the ankle joint 
({AFO~Plantar S). ` 


TOE-RAISING DEVICES 


When weakness of dorsiflexion is present, the fitting of a device to aid 
dorsiflexion will improve greatly the patient's function. Tripping over uneven 
ground and the characteristic high stepping gait will be abolished. As stated 
above, the fitting of a back stop or a mechanical ankle joint constructed to control 
plantar-flexion will passively control a drop foot. There are however a number of 
active methods employed which utilise a spring device of some sort. 


Double belou-knee iron, round heel sockets and toe-raising spring (AFO Dorsi A: 
Ankle, Foot Orthosis Dorsiflexion Assist) 

The simplest type of toe-raising spring is illustrated in Figure 11,11, The spring 
is attached to the double below-knee iron which fits into round heel sockets, by a 
Y-shaped strap. The lower end of the spring is attached to the middle of the 
dorsum of the shoe, at the level of the metatarso-phalangeal joints, by a small 
leather lug stitched to the shoe. This is a cheap and effective mechanism but it is 
obvious, especially when worn by women, and considerable stress is imposed 
upon the heel sockets and the shoe. . 


Double below-knee iron, ankle joints, flat heel sockets and toeraising spring (AFO 
Dorsi A: Ankle, Foot Orthosis Dorsiflexion Assist) 

A less obvious toe-raising spring is that employed with an ankle joint. and flat 

spur pieces and heel sockets as illustrated in Figure 11.12. The spring is attached 
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Fig. 11,11 Double below-knee iron, round spur pieces, toc-raising spring and ankle strap 
(AFO-Dorsi A). 


to the outer side bar (or both side bars) of a caliper or double below-knee iron by 
an adjustable strap and buckle or wire rod, and to a lug projecting forward frony 
the centre of the ankle joint. This apparatus is heavy and expensive. 
Considerable stress is still imposed upon the shoe and heel sockets, and with 
time the flat spur pieces become worn and loose. 


Double below-knee iron with rubber torsion socket (AFO Plantar R: Ankle, 

Foot Orthosis Plantarflexion Resist) s 
When the force required to overcome the drop foot is not great, a toe-raising 
device concealed in the heel can be used. Originally this device consisted of a 


Fig. 11.12 Double below-knee iron with ankle joints, flat spur pieces, toc-raising spring and ankle 
strap (AFO-Dorsi A). + 
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number of turns of spring piano wire wound round a rod (Tuck, 1957). Square 
sockets were sunk in each end of the rod to take the spur pieces. A similar toe- 
raising mechanism with a rubber bush vulcanised to the rod is now available 
(Tuck, 1962). The spring action results from torsional stresses in the rubber 
which can be varied by’a screw thread. The disadvantages of the rubber bush are 
that it may rapidly wear out and it can be fitted only to a broad-heeled shoe, Both 
these devices are light and cheap, the later type being mass produced. 


Exeter coil spring toe-raising appliance(AFO Plantar R: Ankle, Foot Orthosis 
Plantarflexion Resist) 

For children under the age of five years, a below-knee appliance fitted with a toc- 
raising spring, even if made of Duralumin, would be too heavy. In such cases an 
Exeter coil spring toc-raising appliance (Fig. 11.13) which combines the 
functions of supporting side bars and a toe-raising spring in a simple light 
appliance, ‘can be used. This appliance, however, is very restrictive, with the 
result that the attachment of the spring steel to the heel of the shoe may become 
loose, or the steel itself may break. 


Fig. 11.13 Exeter coil-spring toe-raising appliance (AFO-Plantar R). 


Ortholene* drop foot splint (Fig. 11.14) (AFO , - Plantar R) 

When the ankle joint can be dorsiflexed passively to at least a right angle, and 
when spasticity is absent, an Ortholene* or Perplas* (both are high-density 
polyethylenes) drop foot splint can be prescribed. 

From a plaster-of-Paris cast of the leg, taken with the ankle held above a right 
angle if possible, a positive cast is made, over which a strip of high-density 
polyethylene is moulded. This strip extends downwards from behind the upper 
calf, around the heel and forwards under the sole to the base of the toes. When 
the high-density polyethylene has cooled, it is trimmed to ensure a snug fit inside 


n a 
*See Appendix. 
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Fig. 11.14 Ortholene drop foot splint (AFO-Plantar R). 


the shoe, and the edges are chamfered, especially under the tocs. If necessary a 
calf pad of Plastazote can be added to improve the cosmetic appearance of the 
leg. ; 
The splint is worn next to the skin. A Velcro strap may be fitted to the upper 
end to keep it closely applied to the back of the calf, or an elastic stocking may be 
worn, , 

This splint overcomes the cosmetic and mechanical disadvantages of the 
previously described appliances. In addition it overconies the disadvantage of 
some of the present-day commercial footwear, the heels of which are hollow 
plastic mouldings unsuitable for the insertion of heel sockets. 


T-STRAPS 


A T-strap is cut from leather. The vertical limb of the T is attached to the shoe at 
the junction of the upper with the sole. It is placed well forward. The strap ts cut 
with long tongues so that the upper end of the strap encircles both the ankle and 
the side bar with the buckle on the other side of the leg, and the end of the strap 
pointing backwards. - 

A T-strap may be attached to either the inside or the outside of the shoe, to 
provide stability and to substitute for paralysed or partially paralysed invertor or 
evertor muscles. A single below-knee appliance (side bar) is used in conjunction 
with a T-strap (Fig. 11.15). 

Examples: 

1, When the tibialis aniferior and tibialis posterior muscles are weak, but the 
peroneal muscles are strong, the foot will assume a position of valgus. This 
deformity can be controlled by an outside iron and an inside T-strap. 

2. A varus deformity from weakness of the peroneal muscles can be controlled 
with an inside iron and an outside T-strap. 


' 
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Fig. 11.15 Single inside below-knee iron with round spur piece and outside T-strap (AFO). 


RETAINING STRAPS AND BANDS 


In addition to the above modifications which may be made to a caliper, it must 
be remembered that the limb must be retained within the caliper. This is 
achieved by using various leather straps and bands. These are described below. 


Ankle strap 
The spur pieces of an appliance must be retained in the heel sockets. A T-strap- 


will perform this function as well as correcting a varus or valgus deformity. In 
the absence of a T-strap, an ankle strap must be present. An ankle strap is 
attached to the outer side bar, passes around the inner side bar and lower part of 
the leg, and back to the outer side bar where it is buckled firmly (Figs 11.1, 11.2, 


11.3, 11.11, 11.12, 11.17). 


Fig. 11.16 Knock-knee pad. 
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Fig. 11.17 Patten ended caliper (KAFO-Weight relieving) with ischial bearing ring top, diie 
side bars, posterior thigh band, anterior knee cap, posterior calf band, ankle strap and strap froin 
heel of shoe to patten. 


Calf band and anterior thigh pad 

When a knee joint is used a calf band and an anterior thigh pad are fitted. The 
calf band, lined with felt and covered with leather, is attached to the side bars 
just below the knee joint. A padded anterior thigh pad is fitted above the knee 
joint (Figs 11.2, 11.3). It is not required when a long leather bucket top is used. 
The calf band and the anterior thigh pad are fastened with a strap and buckle or a 
Velcro fastening. Eyelets and a lace can also be used for the latter. 
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Knee pad 

A knee pad is not always fitted to hinged calipers as it limits knee flexion. Its 
function is to stabilise the knee in a non-hinged caliper. In addition to the 
anterior knee pad, a leather gutter piece is attached to the side bars to lie across 
the popliteal fossa (Fig. 11.1). 

A knee pad can also be used to control or to prevent the development of a~ 
valgus or varus deformity of the knee in the presence of ligamentous laxity. To 
control a valgus deformity of the knee, the pad is attached to the outer side bar 
and passes around the knee (between the knee and the inner side bar) to be 
attached again to the outer side bar. In addition there are two narrow straps 
which attach the top and bottom of the knee pad loosely to the inner side bar, to 
control knee flexion (Fig. 11.16). To control a varus deformity of the knee, the 
attachments of the knee pad are reversed. 


PATTEN-ENDED CALIPER (KAFO Weight-Relieving) 


When itis essential for a limb to be relieved of all weight bearing, a patten-ended 
caliper (Fig. 11.17) is required. This type of caliper was commonly used in the 
ambulant treatment of Perthes’ disease of the mp. It is used less often for this 
purpose today. 

A patten-ended caliper has. a snugly fitting ring top. The steel side bars, 
without knee joints, are adjustable for length and are prolonged about 3 inches 
(7.6 cm) below the heel. The distal ends of the side bars are welded to a steel 
ring, the patten, from which a strap passes to the back of the shoe, to control 
plantar-flexion of the ankle. The foot of the affected leg is thus kept sufficiently 
clear of the ground to prevent the child from taking weight on his toes. In 
addition posterior thigh and calf bands, a knee pad and an ankle strap are 
provided. 

Normal footwear is worn on the affected side, but a compensating patten must 
be added to the opposite shoe to accommodate the increase in length of the 
affected lower limb (Fig. 11.18). 


Fig. 11.18 Compensatory patten on a normal shoe. 


The length of the caliper must be adjusted repeatedly to allow for growth, 

otherwise the child will soon bear weight on its toes. Whether or not this is 

` occurring can be determined by examining the toe of the shoe worn on the 
affected side, for the ‘presence of wears — 
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THE ‘COSMETIC’ LONG LEG CALIPER {KAFO) 
(Fig. 11.19) 


4 


| 


Fig. 11.19 ‘Cosmetic’ long leg caliper (KAFO). Note that the side bars end just below the knee 
where they are riveted to an Ortholene drop fuot splint. Posterior off-set knee joints are illustrated - 


The long leg calipers illustrated in Figures 11.1, 11.2 and 11.3 have a number of 
disadvantages. They are cumbersome, heavy, rigid and often uncomfortable. 
They frequently break, are not cosmetically acceptable especially to women, and 
take many hours to make. In addition all the patient’s shoes have to be fitted with 
heel sockets, and as the foot of the affected limb is often smaller, the patient may 
have to buy two pairs of shoes each time. 

To overcome these inherent disadvantages and the additional problem of the 
unsuitable present-day commercial footwear, a new type of non-weight relieving 
long leg caliper (KAFO) for use in cases of flaccid paralysis of the lower limb has 
_ been developed by Mr W.H. Tuck at The Royal National Orthopaedic Hospital. 

` This development has resulted from the introduction of plastics and has received 
additional impetus from the previous development of the Grtholene drop foot 
splint. 

- This new appliance is fitted with a bucket top made from high-density 
polyethylene moulded around a positive cast of the upper thigh and ischial 
region. Where the shape and size of the foot will allow, the bucket top is riveted, 
forming a rigid cylinder which is threaded over the limb when the caliper is 
applied. 
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The side bars terminate just below the knee where they are riveted to a 
modified Ortholene drop foot splint. This results in ihe caliper being lighter, and 
more resilient and cosmetically acceptable to the patient. The cosmetic 
appearance can be improved further by adding a false calf of Plastazote. The side 
bars are finished by sand blasting and then heat-coated with nylon. 

Ring-lock knee joints (Fig. 11.5) are used commonly, barlock joints only 
rarely. When at least 10 degrees of hyperextension is present at the knee, 
posterior off-set knee joints (Fig. 11.7) can be fitted instead of locking knee 
joints, providing that the patient's other limb is normal, as the patient’s stability 
depends upon his being able ta maintain hyperextension at the knee. 

‘he caliper, with the addition of a knee or anterior thigh pad and possibly an 
anterior calf band, is worn next to the skin in the same way as the Ortholene 
drop-foot splint. 

The choice of suitable footwear is wide. The heel must be broad and it is 
advisable that ic should not exceed ] to 1.5 inches (2.5 to 3.75 cm) in height. As 
the caliper fits inside the shoe, compensation can be made easily for any 
discrepancy in size of the feet. 

These new types of calipers have a number of advantages over the older types. 
They are much lighter, weighing about half that of the older calipers; they are 
cosmetically acceptable; they allow movement of the foot and caliper within the 
shoe which results in the patient being better able to adapt to uneven surfaces; 
they are more hygienic; they are quicker to make, the time being reduced by 
about one-third; and they are no more expensive. 

Appliances of similar design (Hartshill lower limb appliances, Yates, 1968) but 
using polypropylene instead of Ortholene* ‘or Perplas* are made by Salt & Son 
Lid.* 


PRESCRIPTION, CHECKING AND CARE OF 
CALIPERS 


The prescription, checking and care of calipers is considered in Chapter 9. 
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Footwear 


The most important requirement of any footwear is that it fits correctly. If 
footwear fits correctly, it will be comfortable and will not cause pain or deformity 
in the future. ` 

Any attempt to accommodate normal feet within incorrect footwear will result 
in pain, the formation of callosities, bursae and skin ulceration from localised 
arcas of excessive pressure, and occasionally, growth abnormalities. If the fect are 
deformed, the above complications are more likely to occur. 

The shape of a normal foot is not symmetrical. It changes with growth in 
childhood, in length more rapidly than in width, as well as with age and 
increasing weight in adult life. The foot increases in length and width on 
Standing, and one foot may be larger than the other. 

Many people, women more than men, do not wear suitable footwear and do 
not understand why their feet are painful. It is important therefore to examine 
carefully the footwear of all patients complaining of painful feet. When this is 
done, it is often obvious that their footwear does riot fit correctly, and that their 
feet are being squeezed. Some women are slaves to fashion, and will persist in 
wearing so-called fashionable shoes which they feel make them look more 
attractive. In addition, they frequently insist on buying a size 6B for example, 
because that it is the size they have always bought, and wearing footwear with 
high heels which tends to push the foot forward, cramping the toes and thus 
Predisposing to the development of deformities of the toes and metatarsalgia. . 

There are a number of different factors which contribute to the problem of 
obtaining suitable footwear, even for normal feet, such as: 


1. The confusion in sizes between footwear made in different countries. 

Some styles of footwear are only available in one or certainly a limited 

number of widths. 

The shape of the shoe or boot itself. 

4. The lack of adequately trained staff in shoeshops to advise customers on 
suitable footwear. 

5. The psychological barrier, especially with women, to accepting that the size 
of their feet may change with age. 
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6. The lack of education in the problems which can result from incorrect and 


ill-fitting footwear. 
7. The failure to have both feet measured for lergth and width while standing, 
every, hime new footwear is purchased. 


THE NORMAL SHOE 


To enable a doctor to communicate with an orthotist, a basic understanding of 
the construction of footwear is essential. 

A shoe is built over a last which is a model of the weight-bearing foot. The 
main parts of a shoe are the upper, the sole, the heel, the linings and the 


reinforcements. 


THE UPPER 


The upper is that part of the shoe above the sole (Fig. 12.1). It is divided into an 
anterior part, the vamp, and a posterior part, the quarters, medial and lateral. 
The lateral quarter must be cut low enough to avoid pressure on the lateral 
malleolus. A 


p wee ie 


Vamp Lace Stays Tongue Quarter . 


Outer Sole Heel Breast Heel 


Fig. 12.1 The main parts of a normal shoe. 


Eyelets for the laces are situated in the lace stays under which lies the tongue. 
At the base of the tongue is the throat of the shoe, through which the foot enters. 
The lace stays may or may not be a part of the vamp, depending upon the style of 
the shoe. 

In the Gibson style of shoe (Fig. 12.2), the quarters are stitched on top of the 
vamp so that the lace stays open freely to allow the foot to enter. A comparable 
style of boot is termed Derby. 

In the Oxford style of shoe (Fig. 12.3), the vamp overlies the quarters which 
meet at the front and are laced together. Balmoral is the term given to a boot of 
` similar style. The Oxford style does not allow the tongue of the shoe to be 

reflected back as far as in the Gibson style, as a result the shoe cannot be opened 
‘as widely to allow the foot to enter the shoe. 
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Fig. 12.2 The Gibson style of shoe. Note the plain vamp. 


Fig. 12.3 The Oxford style of shoe. Note that the vamp overlies the quarters thus limiting how 
wide the shoe can be opencd to allow the foot to enter. 


THE SOLE _ 


There are two soles. The outer sole is separated from the inner sole on which the 
foot rests, by a compressible filler and the shank. The shank is a rigid strip of 
steel, extending from the middle of the heel forwards to 4-2 inches (6.0-9.0 mm) 
behind the break of the shoe which corresponds to the line of the metatarso- 
phalangeal joints. The shank reinforces the waist of the shoe, which is that part 
of the shoe which lies between the heel breast (see below) and the broadest part of 
the sole, the ball (Fig. 12.4). 


——--—-— Heel Breast 
Shank Waist 
------- Ball of Shoe 


~~Break of Shoe 
{Line of MP Joints) 


Fig. 12.4 The outer sole is reinforced by the shank. 
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Upper 


Inner Sole 


Shank and Filler 


Welt. 


Outer Sole 


Stliching 
Fig. 12.58 Cross-section of a shoe of welted construction. 


The outer sole can be attached in two ways — indirectly or welted, or directly. 
In welted construction (Fig. 12.5) a narrow strip of leather, the welt, is stitched 
to the margins of the inner sole and upper, from the front of the heel forwards. 
The outer sole is then sewn to the welt. The sewn welted leather sole is being 
replaced gradually by microcellular rubber and other synthetic materials which 
are attached directly to the upper and inner sole by sewing or more commonly, 
cement (Fig. 12.6). These other materials are lighter, more flexible and harder 


wearing than leather. 
Upper 


Inner Sote 


Shank.and Filler 


Outer Sole 


im tching (or Cement) 


Fig. 12.6 Cross-section of a shoe where the sole is attached directly to the upper and inner sole 
either by stitching or cement. 


THE HEEL 

The anterior surface of the heel is called the heel breast (Figs 12.1, 12.4). The 
shape of the heel may vary (Fig. 12.7). It should have straight sides and be broad 
enough, unlike the stilleto heel, to provide firm support and prevent the ankle 
from rolling over. The height is measured in front of the centre of the heel, in 
line with the medial malleolus, and for orthopaedic purposes should not exceed 
1} inches (4.2 cm). Heels higher than this force the weight of the body forward 
onto the metatarsal heads. 


Flat ' Military Cuban 


Fig. 12.7 Different types of heel. For orthopaedic purposes the height of the heel should not 
exceed lj inches (4.2 cm). 


THE LININGS 


Those parts of the shoe which make contact with the foot are lined. The vamp is 
lined with cotton and the inner sole and the quarters’ with either leather, or 
cotton reinforced with leathgr. 


REINFORCEMENTS 


The vamp is reinforced by the toe box, and the quarters, in the area of the 
anatomical heel, by the counters (Fig. 12.8). 


Q 


Toe Box 


aene 


Fig. 12.8 The toe box and counter which reinforce the toe and the back of the shoe ia the region 
of the anatomical heel, respectively. 


Counter 


SURGICAL FOOTWEAR 


- ad 2 . - 
The manufacture of special footwear, or alterations or additions to existing 
footwear, may be necessary to accommodate deformed fect, to relieve pain, to 
compensate for shortening of a lower limb, or to provide the foundation for an 
orthosis. When doubt exists as to what is best to relieve a patient’s symptoms, 
consult the orthotist. 


The provision of well-fitting individually made sargen footwear is becoming 
more and more difficult as fewer people are being trained in this skilled work 
` (Shaw, 1976). Unfortunately as the range of footwear available in the usual 
commercial field becomes more limited, there has been an increase in the 
demand for surgical footwear, thus compounding the problem. 


The comfort of the patient is paramount. It is sometimes possible to fulfil this 
aim without prescribing surgical footwear. Giving the patient advice about 
suitable footwear may be all that is necessary, Other patients can be referred to a 
local shop which may stock a larger range of sizes, be given the address of firms 
which supply footwear in extra wide fittings (Bury Boot and Shoe Co. Ltd*), or 
be supplied with stock shoes of greater depth than normal, to allow more room 
for deformed toes, or to accept eine Others may only require modifications to 
their normal footwear. 


The supply of individually made surgical footwear is best supervised by one 
person, from the taking of measurements or a cast of the foot, through making 
the last and shoe, to fitting and final supply. In Great Britain, much of the 


*Sce Appendix. 
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present surgical footwear is made in factories many miles away from the patient 
by someone who has never seen the patient’s foot. This difficulty also existed in 
the United States of America but has been overcome by the Veterans 
Administration with the development of their orthopaedic shoe service (Staros, 
1976). 

Surgical footwear is made on a last constructed from accurate measurements or 
from a plaster cast of the deformed foot. - 

When a foot is deformed, for example by hammer toes or hallux valgus, but is 
still plantigrade, careful measurements of the foot are adequate for the 
construction of the last. When the abnormality of the foot is such that the plantar 
surface of the foot cannot be accommodated on a leather sole, for example severe 
untreated talipes equino-varus, a preliminary plaster cast of the foot is essential. 
An inside cork sole shaped to the contour of the base of the foot is made. This 
ensures that the body weight is transmitted evenly over a large surface area, thus 
avoiding localised areas of excessive pressure. 

Shoes are usually prescribed when the deformity is limited to the forefoot, and 
boots if the foot is grossly deformed, if the hind foot is involved, if scars are 
present around the ankle which would be rubbed by the top of the shoe, or if a 
large raise is required. l 

Boots grip the feet better than shoes, reducing piston action, and thus resisting 
the tendency of the feet to slide backwards and forwards. 

The vamp of surgical shoes and boots is commonly plain, as this gives a 
smooth inner surface. 

When surgical footwear is prescribed, consideration must also be given to the 
size of the opening through which the foot is to be inserted. The Oxford style 
cannot be opened widely over the forefoot, whereas the Gibson style can be, thus 
easing the insertion of a more rigid foot into the shoe. A very rigid or flail foot 
requires an even larger opening. This is provided by lacing extending distally to 
the toes (Fig. 12.9). Piedro* and Eagle* lace-to-toe bootees are suitable for 
supply to children and some adults with small feet, suffering from spina bifida 
and other conditions with gross neurological disorders of the feet. 


i e o 


Fig. 12.9 Boot with lacing extending distally to the toes thus allowing a much wider opening for 
entry of the foot. Note that the eyelets have been replaced with hooks. 


It is important also to consider the method of closure of the shoe or boot. The 
most common method of closure by laces and eyelets allows the snugness of the 
vamp to be adjusted to accommodate swelling of the feet. On boots, some or all 
of the eyelets may be replaced, by hooks, thus enabling the patient to don and doff 
the boots more rapidly, especially if hand function is impaired. Some patients 


*See Appendix. 
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with impaired hand function, or limitation of elbow, knee or hip movement may 
not be able to manage normal laces. The replacement of ordinary laces with 
elastic laces (Soesi laces*) or the use of footwear of the Slip-on variety, can be of 
great help in such situations. Elastic shoe laces are not suitable for use with an 
ankle-foot orthosis. Strap and buckle, and Velcro flaps afford other methods of 
easily adjustable closure, The Velcro Maps can be sewn on over the lace stays. 
Shoes or boots may be fitted with Zip-fasteners or elastic webbing inserts; with 
neither can the snugness of fit be adjusted. Sometimes a long-handled shoe horn 
can be of great benefit. 


Vacuum-formed Plastazote and Yampi footwear (Tuck, 1971) 

Over the last few years many new synthetic materials have been developed. 
These are now beginning to be used in the manufacture of surgical footwear. 
From materials such as Plastazote* (a high-density polyethylene) covered with 
Yampi* (a plastic), vacuum-formed shoes and bootees can be made. 

This type of footwear may be used in the conservative management of any 
severely deformed foot, such as may occur in rheumatoid arthritis, after partial 
amputation or leprosy, or when trophic ulceration or gross swelling is present. 
Shoes or bootecs can be made, the later being prescribed when the foot is 
severely deformed. i 

A preliminary plaster-of-Paris cast of the foot is taken, from which a positive 
plaster cast is made. A Plastazote inner sole is initially formed, and is then added 
to and trimmed as necessary to obtain a flat surface. The upper is then formed, 
and alter trimming it is attached to the inner sole with an adhesive. A | 
microcellular sole and heel and a Velcro fixing are added finally. 

This type of footwear has a number of advantages over the presently accepted 
surgical shoes and boots. It fits snugly around the heel and mid-foot; it provides 
total surface contact with the sole of the foot, thus ensuring that the body-weight 
is spread evenly over a large area and that localised areas of excessive pressure are 
avoided; it is about one-third the weight of similar leather footwear} it can be 
washed and is therefore more hygienic; the Velcro fixing is managed easily even 
by severely deformed hands; and it will last for up to twelve months. The main 
disadvantages are that some Patients experience excessive sweating of their feet 
and the appearance is not so smart as that of leather footwear. i 

This type of footwear is available commercially in a range of stock sizes 
(Drushoe*; Dermaplast*). 

The Drushoes (Fig. 12.10) do not have any seams except at the heel. They are 


Standard Depth Extra Depth 
Fig. 12.10 Drushoes, of standard depth on the left and of extra-depth on the right. 


*See Appendix. 
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- supplied with two removable insoles, in eleven sizes, two colours (black and 
brown) and in two forms (standard and extra-depth). The Drushoe may be worn 
as supplied, cut down to form a shoe or sandal (Fig. 12.11), or be moulded to the 
patient’s foot after locally heating with a hair dryer, or after heating in a hot air 
oven for two minutes at 140°C. The sole of the Drushoe is adequate for outdoor 
use. 


Fig. 12.11 Drushoe where the quarters have been eee 


HOW TO CHECK THAT FOOTWEAR FITS 
CORRECTLY 


The fit of any footwear is of the greatest importance ‘during 
weight bearing and walking because of the tendency for the S 
foot to lengthen and become broader, dus to the stretching, 
` of the ligaments of the foot, under the Influence of body +. 
welght. Therefore the patient must be asked to stand and i 
“walk when footwear is checked. at aS: a l 
— Excessive pressure must not be exerted on the foot by the 
__upper or the inner sole, a3 dias 
_ 373. The fit must be snug enous h: šo that ‘the hoa ‘dogs not fell: See 
“I bd off the foot, but loose eno gh for. movement, o of ‘the foot, to suas 
El occur- Within. thé. ‘shoe. With: ‘Walking. ‘andsrunning.:'s Sis. 
— There must be adequate clearance over the. dorsum of tes jae 
toes, as well as adequate space at the sides of the heads of, i. rs 
the first and fifth metatarsal heads. If the, shoe i is not deep c o 
“wide enough, the metatarsal heads will be pressed. . 
downwards. sy. e7 g ; ip 
— There must be 8 gap between the ae of all the toes and the 
toe of the shoe or boot.: With respect to the hallux this gap 
should be į inch (1.5 cm). If the shoe or boot is too short, __.. 
the toes will be pressed against the inside of the shoe or. 
boot, be curled up and soem ¢ cause the metatarsal heads; to < ; 
be pressed downwards::-<: oy SRDS bir dint 
— The patient must be able to: move ‘all his,toes. freely: x 
— The metatarso-phalangeal joint of the halldX'r imust be level - 
with the inner guive o of the sole, where the sole: starts to- 
curve laterally under the arch. . `. en aen 
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— - The counters must fit snugly around the back of the patent s 
heel. é 
_ — The quarters must not gape aisle 
`- — The quarters must not rub on the malleoli. 
— The waist of the shoe or boot must grip the foot firmly 
enough to prevent the foot from sipping forward or 
backward. Sa 
— The quarters must be high enough medially over the instep to 
prevent impingament or irritation‘at or near the region of the ` 
first metatarso-medial cuneiform joint. If it is not high enough 
in this region, then if the laces are tied tightly, there will be a 
tendency for the medial arch to be epushen downwards, 
elongating the foot. are 


MODIFICATIONS TO EXISTING FOOTWEAR 


Although surgical footwear, as discussed above, may be required for the 
management of painful feet, particularly in the case of severe deformity, much 
foot pain can be alleviated by prescribing various additions or alterauions to 
existing footwear. An accurate diagnosis must be made before these additions or 
alterations are prescribed. It must be remembered thai often foot symptoms can 
be relieved by physiotherapy, 

Some modern shoes are not suitable for modification because of their method 
of manufacture, The heels may be of hollow plastic construction, and the soles 
may be attached to the uppers by adhesive or by injection moulding. A shoe, 
suitable for modification or use with an orthosis, is preferably of leather and 
welted construction, with laces. The heel should be broad, rather than narrow, 
and only of moderate height, that is not exceeding 13 inches (4.2 cm). 

For convenience of discussion, pain in the foot is considered to arise from one 
or more of the following sites; ankle and sub-talar joints, heel, medial 
longitudinal arch, metatarsal arch and toes, 


* . 


ANKLE AND SUB-TALAR JOINTS 


Pain arising from the ankle or sub-talar joints may be relieved by limiting or 
preventing movement at the affected joints. This can be achieved by advising the 
patient to wear boots, by inserting an ankle stiffener or by adding a rocker bar to 
the sole of the shoc. A rocker bar is prescribed also following arthrodesis of the 
ankie to enable the patient to heel-tae smoothly. 

Ankle stiffener : 

A boot restricts movement at the ankle joint. Further restriction can be diincs 
by adding an ankle stiffener. An ankle stiffener is made from metal or plastic. It 
extends upwards from the heel on the medial and/or lateral aspect of the ankle. It 
may be possible to remove the existing counter from a boot and replace it with a 
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new elongated one, but more commonly an ankle stiffener has to be added to the 
outside of the upper of the boot, its lower end being riveted to the existing 
counter, i 


Rocker bar 

The apex of a rocker bar (Fig. 12.12) lies just behind and parallel to the line 

joining the first and fifth metatarsal heads. It differs from a metatarsal bar in that 

its anterior exjenšion is longer, its overall length being up to 24 inches (5.6 cm). 
As the sole of the shoe has been thickened by the addition of the rocker bar, it 

is sometimes necessary to raise the heel of the shoc by a similar amount. The heel 

of the other shoe may have to be raised also to balance the patient. 


| 
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Fig. 12.12 Rocker bar for hallux rigidus. Note that the apex of the bar lies immediately behind 
and parallel to the line joining the first and fifth metatarsal heads, but that its anterior extension 
is longer than that of a metatarsal bar (Fig. 12.21). 


Outside heel float 

The lateral ligament of the ankle may be partially or completely ruptured 
following a severe inversion injury. ‘This may result in the ankle being unstable 
and repeatedly suffering further inversion injuries. 

In the absence of radiological evidence of increased talar tilt either with or 
without general anaesthesia, or if the patient should decline operative repair of 
the ligament, inversion injuries can be prevented by floating out the lateral side 
of the heel of the shoe (Fig. 12.13). 


Fig. 12.13 Outside heel float. In addition an outside heel wedge can be added when weakness of 
the peroneal muscles Is present. 


Normally the first part of the heel of the shoe to strike the ground is situated 
about 4-4 inch (0.6-1.25 cm) to the lateral side of the centre of the heel. By 
floating out the lateral side of the heel, the part of the heel which first strikes the 
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ground is brought medially towards the mid-point of the now widened heel. This 
discourages the tendency to varus movement at the ankle and subtalar joints. 

In muscle imbalance, when the peroneal muscles are weak, an outside heel 
float with possibly the addition of an outside heel wedge, an ankle stiffener or an 
ankle-foot orthosis — an inside below-knee iron with outside T-strap(see Ch. 11) 
— can be used to correct the varus deformity which occurs. 


HEEL 


Pain under the heel, for example from plantar fasciitis, may be relieved by fitting a 
horse-shoe shaped sponge rubber heel pad inside the shoe on a leather insole 
(Fig. 12.14). If the insole is not effective, it is possible to excavate the heel of a 
welted shoe and then to fill the cavity with sorbo rubber. 


= 
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Fig. 12.14 Heel pad. Note the horse-shoe shape to the sponge rubber pad. 


Pain over the back of the heel from/an exostosis of the calcaneus can be relieved 
by removing the counter from the back of the shoe and inserting two small thick 
sponge rubber pads covered with chamois leather, one on each side of the 
exostosis (a tapered heel cushion). 


MEDIAL LONGITUDINAL-ARCH 


Pain arising from the medial longitudinal arch of the foot may be due to foot 
strain (from prolonged unaccustomed standing, rapid increase in body weight, 
resumption of weight-bearing after a long period of bed rest), or degencrative 
changes in the tarsal and tarso-metatarsal joints. It is usually associated with 
flattening of the medial longitudinal arch and can be relieved by supporting that 
arch. This support can be obtained in a number of different ways. 


Insoles 


Valgus insoles 

These are constructed commonly. from felt or sponge rubber covered with 
leather and mounted on a firm leather insole (Fig. 12.15). Occasionally rigid arch 
Supports made from metal or plastic are prescribed. 
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Fig. 12.15 Valgus insole, full length. The support extends from the middle of the heel forwards 
under the medial longitudinal arch to the metatarsal heads, 


The support extends from the middle of the heel forward under the medial 
longitudinal arch to half an inch (1.25 cm) behind the metatarsal heads. The 
height of the arch support must be correct. It must not be too high for the rigid 
flat foot, or too low for a mobile flat foot. Even if the condition is unilateral it is 
advisable to prescribe a pair of insoles. 

When marked flattening of the medial longitudinal arch is present attention 
must be paid to the metatarsal arch because support for both arches may be 
necessary. A combined valgus and metatarsal arch support may be prescribed 
also for pes cavus, so that the body weight is evenly distributed and pressure on 
the metatarsal heads is relieved. 

Insoles may be either of full or three-quarter length, A full length insole is less 
likely to shift within the shoe with movement of the foot. It does, however, 
decrease the amount of space in which the toes can move, and therefore should 
not be prescribed if there is any tendency to hammer toe or claw toe deformity. 

As an insole takes up space within a shoe it may be necessary to advise the 
patient to buy footwear half a size larger than he usually wears. Patients who 
have been prescribed insoles should be advised to wear them initially for only a 
short period during the day, gradually increasing the length of time until they are 
wearing them continuously. 


Shoe alterations 


Thomas heel 

The front surface (heel breast) of a normal heel is slightly concave and runs 
transversely across the sole, In a Thomas heel (Fig. 12.16), the medial part of the 
heel breast is extended forward at least 1 inch (2.5 cm), at which point the front 
of the heel lies under the navicular bone. This gives support to the medial 


longitudinal arch. 
m, a 
: | 


Fig. 12.16 Thomas heel. 
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Medial shank filler y : 
Heavy patients sometimes depress the longitudinal arch.of their shoes. This can 


be prevented and support for the medial longitudinal arch of the foot can be 
obtained by adding a medial shank filler, which fills in the gap between the 
ground and the under surface of the longitudinal arch of the shoe on the medial 
side, A medial shank filler extends from the medial part of the hec! breast to the 
head of the first metatarsal where it is feathered to blend with the sole level with 


the break of the shoe (Fig. 12.17). 
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Medial heel and lateral sole wedges š 
` This combination of wedges (cross wedging) produces a tendency to invert the 
heel and to evert the forefoot, which results in elevation of the medial 


longitudinal arch. 


Fig. 12.17 -Medial shank filler. 


METATARSAL ARCH i 


Pain arising from the metatarsal arch region of the foot is usually due to the 
prominence of one or more of the central three metatarsal heads in the sole of the 
foot, associated with dorsal subluxation or dislocation of the respective 
mietatarso-phalangeal joints. A hammer or claw toe deformity is usually present 
also. The latter may be associated with pes cavus. Other causes of metatarsalgia 
are Freiberg’s disease of a metatarsal head, an interdigital neuroma, march 
fracture or disease such as rheumatoid arthritis. Symptoms can be alleviated by 
relieving pressure on the plantar aspect of the metatarsal heads. 


Insoles, etc. 


Metatarsal arch support 

A metatarsal arch support consists of a pad of sponge rubber mounted on a firm 
leather insole and covered with leather. A single domed support (Fig. 12.18) will 
provide support for one or two of the middle metatarsal heads. When support for 
more than one or two metatarsal heads is indicated, a full width arch support is 


prescribed (Fig. 12.19). 
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Fig. 12.18 Domed metatarsal support, to relieve pressure on one or two of the middle 
metatarsal beads. 


4 
-— 


Fig. 12.19 Full width, three quarter lengths metatarsal arch support. The support must be of 
the correct height and lie behind the metatarsal heads. 


A valgus and metatarsal arch support can be combined on one insole. As 
metatarsalgia is often associated with hammer or claw toe deformities, care must 
be taken before prescribing a metatarsal arch support on a full length insole. In 
such a situation a three-quarter length insole is preferable. 


Metatarsal pad and garter 
This consists of a pad of sponge rubber mounted on a broad elastic band, which 
is slipped over the foot (Fig. 12.20). It is useful in relieving mild metatarsalgia 
and has the additional advantage of allowing the patient to change his footwear 
without having to transfer any insoles. 

Metatarsal arch supports must be of adequate thickness and must be 


Fig. 12.20 Mctatarsal pad and garter. 
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positioned correctly. This is very important. They must lie behind {not under) = 
metatarsal heads, Pressure on the metatarsal heads is — by the body wens 
being transferred through the necks of the ‘metatarsals. 

A a metatarsal seh support must be checked after it has been warn for one 
or two weeks. Prominent metatarsal heads tend to wear a depression on ada 
clearer mark upon the insole. Ifthe arch support is in the correct position neit 
of these two signs will be present. If these changes are present upon = aae A 
then the support is placed too far posteriorly, or is not high enough, E 
present upon the arch support, then the support is placed too far forwards. 


Shoe alterations 


Metatarsal bar wach ised bar of 
Pressure on the metatarsal heads can be relieved also by placing comet d 
leather or microcellular rubber across the sole of the shoe directly ean Sie 
parallel to the line between the first and fifth metatarsal heads (Fig. qe ber 
anterior and posterior extensions of the bar are feathered into the sole. The 


\ 


A Aoa iatel 
Fig. 12.21 Metatarsal bar for metatarsalgia. Note that the apex tp on lies immediately 
behind and parallel 10 the line joining the first and fifth metatarsal heads. 


takes the body weight behind the metatarsal heads and provides a y 
movement. The average height of the bar for adults is 3 inch (1.5 cm). 
disadvantage of this method is that the useful life of the bar is short due to wear, 
but it can be renewed easily without damage to the shoe. 


TOES 


Claw, hammer and mallet toes : 
Deformed toes may give rise to pain due to pressure upon them by the shoe. = 
pressure may be relieved by advising the patient to wear longer and wider s $ 
witha plain vamp; ensuring that the toe box is of adequate height; —— 
shoe over the deformed toes; inserting a balloon patch in the vamp hi pi 
necessary; providing a metatarsal arch support if the deformities are = tin 
may be necessary, however, to prescribe surgical footwear to accommodate 
deformities, 
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Hallux valgus and bunion 

The pain from hallux valgus may be relieved by inserting a balloon patch in the 
vamp at the first metatarso-phalangeal joint, or by prescribing a pair of surgical 
shoes. 


Hallux rigidus 
The pain from hallux rigidus may be relicved by advising the patient to wear a 
thick, relatively stiff, soled pair of shacs, or by modifying the footwear so that 
dorsiflexion at the metatarso-phalangeal joint of the hallux is reduced or 
eliminated. ‘This can be achieved in two ways. 
1. The addition of a rocker bar to the sole of the shoe or boot (Fig. 12.12). 
2. Stiffening the medial side of the sole of the shoe. In a shoe of weled 
construction, this can be achieved by elongating the shank so that it crosses the 
break of the shoe, An alternative method, in a shoe of non-welted construction, is 
to add an extra layer of leather (not microcellulur. rubber) to the sole of the shoe. 
The additional stiffness these procedures confer, prevents dorsiflexion at the 
metatarso-phalangeal joint of the hallux. 


Toe block 


Occasionally for multiple deformities, gangrene or infection, ali the toes have to 
be amputated. Following this procedure a toe block is prescribed. It is made of 
sorbo rubber or Plastazote*. In addition, a light stec} or high density 
polyethylene (Ortholene) shank extending from the heel to the toc of the shoe 
must be fitted, to prevent the tip of the shoe from curling upwards. 


TRUE AND APPARENT DISCREPANCY IN 
LENGTH OF THE LOWER LIMBS 


In clinical practice, the exact length of cach lower limb is relatively unimportant. 
What is important is the difference in length which may exist between the two 
limbs. This difference in length may be true or apparent, or a combinazion of 


both. 


TRUE DISCREPANCY IN LENGTH 


True shortening of one lower limb is present when there is a decrease in the 
distance between the upper surface of the head of the femur and the lower 
surface of the calcaneus, compared with the other limb. This distance cannot be 
measured accurately by clinical means because of the deeply placed positions of 
the relevant bony points. Accurate measurement is possible only by tsking a 
special radiograph — a scanograph — on which both lower limbs from the hips to 
the feet are shown alongside a scale. 

For clinical purposes, the fixed bony points between which measurements ure 
taken are the anterior superior iliac spine and the tip of the medial malleolus. It is 
accepted that the anterior superior iliac spine lies at a level proximal and lateral 


Ne a ee a 
"See Appendix. 


« 


FOOTWEAR 187 


to the upper surface of the head of the femur, and that a part of the talus and 
calcaneus lies distal to the tip of the medial’ malleolus. This means that 
destruction of the superior lip of the acetabulum, or upward dislocation of the 
head of the femur, will show as true shortening when in fact the distance 
between the upper surface of the head of the femur and the under surface of the 
calcaneus has not been altered. In addition loss of limb length trom a 
compression fracture of the calcaneus will not be identified. 


APPARENT DISCREPANCY IN LENGTH 


Apparent discrepancy in length of the lower limbs is due to the presence of a 
fixed adduction or abduction deformity at one hip. 

In normal standing, the lower limbs are parallel when seen from in front. To 
bring the lower limbs into a parallel position when a fixed adduction or 
abduction deformity is present ut one hip, the pelvis is tilted and one knee is 
flexed. In the presence of a fixed adduction deformity, the anterior superior iliac 
spine on the sume side is raised above the horizontal, causing apparent 


shortening of the ipsilateral limb. When a fixed abduction deformity is present, 
the anterior superior iliac spine on the opposite side is raised above the 
horizontal, causing apparent shortening of the contralateral limb (or apparent 
lengthening of the ipsilateral limb) (Fig. 12.22). 


—— Longitudinal axis of the body ——— 
Suprasternal notch 


Xiphisternum 


Fixed deformity 
AGDUCTION ADOUCTION 


Medial malleoli 


Fig. 12.22 Apparent discrepancy in length of one lower limb may be duc to a fixed abduction 
or adduction deformity at one or the other hip joint. 
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The accurate measurement of apparent discrepancy in the length of the lower 
limb is unimportant clinically. What is important is that the detection of an 
apparent discrepancy in length indicates the presence of a fixed deformity at one 


hip. 


HOW TO MEASURE THE LENGTHS OF THE 
LOWER LIMBS 


True shortening 


With the patient colin ; obs 
— Stand on the right-hand side of the patient. 


— Identify both anterior superior iliac spines and draw an 
imaginary line joining these two points. 


— Project a second line distally from the centre and at right 
angles to the line joining the anterior superior iliac spines. 


— Prior to measuring the true lengths, place the normal limb in a 
similar position to that of the affected limb. When a fixed 
adduction deformity is present at one hip, the affected limb 
will lie across the distally projected line (Fig. 12.23), and -> 
when a fixed abduction deformity is present, the affected ` 


Fig. 12.23 The position in which.the lower limbs must be placed when measuring for true length 
in the presence of a fixed adduction deformity at one (here the left) hip. 
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limb ‘will lie some distance away from this line (Fig. 12.24). 

— Grip one end of a tape measure between the tips of the left 
index finger and thumb, so that the thumb nail is at right 
angles to the upper surface of the tape measure. 


— Slip the left thumb and tape measure in an upward direction 
until the pulp of the thumb, covered by the end of the tape 
measure, impinges upon the lower surface of the anterior 
superior iliac spine. 

Identify the anterior superior iliac spine in this manner, as 
the presence of overlying mobile subcutaneous fatty tissue 
will make the accurate identification of the anterior superior 
iliac spine impossible by any other means. ! 

— Maintain the left thumb in contact with the anterior superior 

‚iliac spine and lay the tape measure evenly along the medial 
border of the patella, and then slide the right thumb down the 
tape measure until it slips over the lower margin of the medial - 


malleolus. TE ; 


— L Note the reading on the upò measure. eas E S 
— Maintain the same grip on the tape measure with the ha 
hand, and repeat the manoeuvre for the opposite limb. ` 


— Any difference between the two measurements indicates: the 
ampunt of true shortening present. TE ede s 


AT 


Fig. 12,24 The position in which the lower limbs must be placed when measuring for true lengtrA 
in the presence of a fixed abduction deformity at one (here the left) hip. 
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With the patiant standing’ 


ee! mm ldentity: -both anterior superior liac A ‘anterior = 

superior iliac spine on the side of the shorter limb will lie at a 

lower level... >- 0 ganong fie A Fale jais ita wi tae 

_ = Place:wooden blocks of varying thickness “under the foot: of ; 
-© the.shorter Imb until the: anterior eae C: Spins lia: ona’: io 

* horizontal plane. ; ey yikes rete 


-. a ri eae) 


Apparent shortening: cat 


— Lie: tha' ‘patient supine.) EDN 
— Igrióring the position of the: :P ivis ; 

= _  evenly about the longitudinal axis of the. trunk; with: ‘only. 3 4 
ene inches :(7.5-10 cm) between. the medial: malleoli, AFigy. 12.22) 
= Measure the distance, from the xiphisternum or. suprasternal 
notch: to the lower margin of each aa A the 

_ tapa. measure as described above. : à 

— A difference between the: iiessurewient sit ee 
indicates the presence of a fixed adduction Or abduction 
deformity at one hip, but only if true shortening Obs. 
lengthening is absent. `- 


-e fee 


COMPENSATION FOR A SHORT LOWER LIMB 


A short leg gait can be ungainly and tring. In addition it can increase the stresses 
imposed upon the hip joints and lumbo-sacral spine and therefore contribute to 
the occurrence of pain at these sites. Compensation for inequality in length of the 
lower limbs, whether true or apparent, can improve function. 

Before determing the height of raise required to compensate for shortening of a 
lower limb, a number of facts must be taken into consideration. 

1. Does the patient have a fixed lateral curvature of the spine, or fixed pelvic 
obliquity? The presence of either or ilese deformities will influence the degree of 
pelvic tilt which can occur, 

2. What is the range of flexion Present at cach hip? When one hip is 
arthrodesed, the patient can bring that limb forward during walking only by 
swinging the pelvis forward on the opposite hip. Unless sufficient clearance is 
allowed between the foot ‘on the affected side and the ground, this will be 
impossible. Any raise supplied must be such that the aflected timb is effectively 
4 inch (1.25 cm) shorter than the other limb to give sufficient clearance. 
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3. What is the range of flexion present at each knee? Again any raise supplied 
must allow sufficient clearance — 4 inch Al: 25 cm) — to bring the affected timb 
forward. 

4. What degree of fixed equinus (plantar flexion) of the ankle or forefoot is 
present? The degree of these deformities will determine the heights of the raises 
under the heel, the (read (metatarsal heads) and the toes. 

5. What degree of mobility exists atthe ankle and jn the forefoot? As much 
equinus of the.ankle and forefoot {pitch) as possible is allowed. This improves 
the appearance and decreases the weight of the footwear. 

6. Is dorsiflexion at the metatarso-phalangesl joint of the hallux limited? 
Limitation of movement at this joint influences the amount of equinus of the 
ankie and forefoot which can be allowed. If too great a degree of equinus is 
allowed, the metatarso- -phalangeal joint of the hallux will be forced into 
dorsiflexion. This may give rise to pain. 5 


CALCULATION OF THE AMOUNT OF RAISE 
REQUIRED 


it is rarely necessary to compensate for the first half an inch 
{1:25 cm) of shortening, as this amount can be 
accommodated easily by tilting the pelvis. 

Although the theoretical height of the heel raise PROT to 
s COMPensate for any shortening can be calculated by 
subtracting half an inch (1.25 cm} from the difference in 
length of the tower limbs measured with the patient supine, 
this method is unlikely to be satisfactory. All patients who 
require compensation for shortening must be measured in the 
standing position. tn this position the height of the heel raise, 
and the degree of allowable equinus of the ankle and forefoot 
necessary to compensate for any true or apparent shortening, 
which is comfortable to the patient, can be determined. The 
Comfort of the Patient is much more important than any 

© theoretical calculation. 

— Stand the patient erect with both knees fully extended. 
~ Insert wooden blocks under the foot of the shorter limb. 
Blocks equal to the theoretical height of the required raise . 
‘can be used initially. 

— Tell the patient to mark time. 

— Vary the thickness of the wooden blocks under the heel and 
tread until the patient is comfortable. Remind the patient to 
mark time between each variation in thickness of the wooden 
blocks. 

— The ultimate thickness of the wooden blocks under the heel 
and tread equals the height of the faise required at these 
_ Sites. : 
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i ise i i of the heel, in line with 
Fig. 12.25 The height of a heel raise is measured in front of the centre o in 
ey medial kia Note that the heel raise must be higher posteriorly than anteriorly. 


Note: The height of the heel raise is measured anterior to the centre of the heel of 
the shoe, that is, in line with the medial malleolus (Fig. 12.25). This means that 
when a raise is added to the heel of a shoe, the thickness of the posterior border of 
the heel must be greater than that of the anterior border, otherwise the under 
. surface of the sole and heel will not make simultaneous contact with the ground 

when standing, and all the stress will be taken by the anterior border of the heel. 

As it is necessary to provide a rocker action for walking, the height of the raise 
must decrease towards the toe (Fig. 12.26). The height of the raise at the toe will 
depend upon that at the tread. If this is large, the tapering must be mort. 2 

Occasionally after giving a patient a-taise determined in the aboye way, the gait 
pattern may still be poor. Do not over-compensate for shortening to try to 
improve a gait pattern in the presence of adequate compensation for shortening, 
as the poor gait pattern may be due to weakness of the spinal or abdominal 


muscles. 


TYPES OF RAISES EMPLOYED 

Outside raise l , 

If the foot is normal, the raise can-be added to ordinary footwear. Sensible 
footwear is essential. Certain types of footwear are unsuitable for the addition of 


a raise, for example: 


Height of raise at, Heel Tread Toe 


Fig. 12.26 Outside raise. Note that the raise tapers towards the toe to aid walking. 
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Shoes with heels exceeding 2 inches (5.0 cm) in height. od 

Court shoes. The addition of a raise to a court shoe causes loss of flexibility of 
the shoes with the result that the patient’s-heel tends'to come out of the shoc. 

Shoes with welded rubber soles and heels, as it is difficult to remove the 
Original sole. i 

Soft suede shoes or boots are not suitable for a raise in excess of 1} inches (3.75 
cm). 

When the required raise is 4~} inch (0.6-2.0 cm), the heel and if necessary the , 
sole can be raised by adding to the surface of the existing heel and sole. 
Microcellular rubber is used for the raise in preference to leather, as it is lighter, 
more flexible and wears better. pi ; 

When a heel raise of more than three-quarters of an inch (2.0 cm) is required, 
the existing sole and heel are removed and layers of cork are added to obtain the 
required height. The cork layers are shaped and covered with leather similar to 
that of the shoe. The original sole and heel are reattached if possible, or if nut, a 
new sole and heel are made (Figs 12.26, 12.27). 


Fig. 12.27 Outside raise — arched. 


Inside raise 
When a foot is deformed or of an odd size, surgical footwear must be made. In 
these cases, all or part of the raise may be concealed within the upper. This is 
known as an inside raise (Fig. 12.28). The maximum height for an inside raise is 
usually 34 inches (8.0 cm) at the hvel, with 2 inches (5.0 cm) at the tread, and 
‘approximately | inch (2.5 cm) at the toe. If a larger raise than this is required, the 
additional height is obtained by adding an outside raise. f 

When the required raise is more than 3} inches (8.0 cm), the cork raise can be 
arched and bridge waisted. The bridge, which must be strong and perhaps 
reinforced with a stecl plate, prevents the heel and tread raises from splaying out 
on walking (Fig. 12.29). 


Ee | 


Fig. 12.28 Inside raise in a surgical shoe. 
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Fig. 12.29 Outside raise, arched and bridge waisted. 


As has already been mentioned, as much equinus of the ankle and forefoot as 
possible is allowed. However, in such a situation the heel platform must be flat to 
prevent the patient’s foot from sliding down the slope and the patient’s toes 
impinging against the tip of the shoe. 
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Splinting and casting materials 


In the last few years, there has been a rapid proliferation of casting materials 
available to the orthopaedic surgeon, and more will be developed with the aid of 
modern technology. The following comments are intended to assist in the 
understanding and use of these different materials. 


HISTORY OF CASTING MATERIALS 


The urge to immobilise a fractured limb is basic. Ilippacrates, in about 350 BC, 
used bandages stiffened by waxes and resins to treat fractures, and Rhazes, born 
in 866 AD, in Arabia, used lime and egg white. In 1756, Cheselden, an English 
surgeon, used bandages soaked in egg white and flour to form a cast which could _ 
be split longitudinally to allow it to be tightened or loosened. 

In the 18th century, in the Turkish empire, plaster-of-Paris was used in the 
treatment of fractures. The limb was enclosed in a case of plaster and any space 
which appeared as swelling subsided, was filled by pouring plaster cream 
through a hole in the cast. Hubenthal, in 1816, improved upon this by mixing 
plaster-of-Paris and minced blotting paper in equal proportions. In 1828 in 
Berlin, Koyl and Kluge used a wooden box in which they rested the injured 
limb. They then poured ‘plaster-of-Paris cream into the box until the limb was 
nearly covered. This resulted in a rather cumbersome cast. 

Plaster-of-Paris bandages were first used by Matthysen, a Dutch military 
surgeon, in 1852. They were made by rubbing dry plaster-of-Paris powder into 
coarsely woven cotton bandages, which were then soaked in water before being 
applied. They had to be freshly prepared before use (Monro, 1935). 

This was the principle of all plaster-of-Paris bandages used until they became 
available commercially in 1931. Various substances are added now to improve 
the handling characteristics of the bandages, allowing more thorough and even 
wetting, reducing the loss of plaster during soaking and accelerating the setting 
time. “ 

Although some plastics were developed as casting materials in the 1950s, it is 
only within the last few years that this development has been really successful 
with the production of a large range of materials with widely differing properties 
suitable for specific purposes. 
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ORTHOPAEDIC USE OF CASTS 


In traumatic and orthopaedic surgery, the casting material is wrapped around the 
patient’s, limb or trunk and held there while it hardens. The cast which results 
accurately follows all the contours of the encased part of the body, and will 
support that part firmly and evenly if left in place, or provide an exact negative 
mould if removed. 

The use of castin traumatic and orthopaedic surgery can be summarised as _ 
follows: 

To support fractured bones, controlling movement of the fragments and 
resting the damaged soft tissues. 

To stabilise and rest joints where there has been ligamentous injury. 

To support and immobilise joints and limbs post-operatively until healing 
has.occurred after for example, the repair of nerves or tendons, 

To correct a deformity by wedging the cast or the application of serial or 
turnbuckle casts. 

To ensure rest of infected tissues. 

To make a removable splint to aid mobilisation or prevent deformity. 

To render it difficult for a patient to remove dressings or tamper with a 
wound. 

To make a negative mould ofa part of the body, as a preliminary step in the 
accurate construction of orthotic or prosthetic appliances. 

To make a cast of part of a patient’s body upon which an orthotic or prosthetic 
appliance can be constructed, a negative mou!d of that part of the body must first 
be made. To do this a plaster-of-Paris cast is applied over a single layer of 
stockinette after the skin has been greased to heip in the remova? of the cast. A 
strip of lead or plastic may be placed on the skia where the cust is to be cut to 
enable it to be removed. When the cast is dry, it is marked and then carefully 

` removed, before being reassembled using the marks ta ensure accuracy. A 
positive cast is then made by pouring plaster-of-Paris cream into the negative 
mould which has been coated inside with a releasing agent. Once the positive 
cast has set, the negative mould is removed, leaving an exact replica of part of the - 
patient. In the construction of the orthotic or prosthetic appliance, tools, 
processes and materials can be used which could not be used on the pagient's 
actual limb, and in addition the work can be carried out in a workshop remote 
from the hospital. Occasionally modern plastic materials are used for the original 
cast which can be used as part of the finished appliance, without the need for any 
intermediate stages. 


MATERIALS AVAILABLE FOR CASTING 


The materials which are used for making casts on a patient are either: 
1. Plaster-of-Paris. 
2. Plaster-of-Paris with melamine resins. 
3. Materials which undergo polymerisation 
a, Water activated ` è 
b. Non-water activated. 
4. Low-temperature thermoplastics. 
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The orthotist can use high-temperature thermoplastics and thermosetting 
Plastics to make orthoses moulded on a positive plaster cast, but these materials 


cannot be used directly on the patient. 


PLASTER-OF-PARIS 


Plastet-of-Paris has been used since carly Egyptian times for decorating walls, 
but it is only since the 1800s that it has been used for orthopaedic casts. k is 
made from gypsum, a naturally occurring mineral, The name, plaster-of-Paris, is 
said to stem from an accident to a house built on a deposit of gypsum, near Paris. 
The house burnt down. When rain fell on the baked mud of the floors, it was 
noted that footprints in the mud set rock-hard. This led to the rediscovery of the 
practice of heating gypsum to make a smooth covering for walls. When Henry IH 
visited Paris in 1254, he admired the smooth whiteness of the walls and 
popularised the use of plaster-of-Paris for walls in England. The Romans had 
used plaster to cover their walls during the occupation of Britain, but the 
technique had been lost (Smith & Nephew, 1967). l 
To make plaster-of-Paris, gypsum is heated to drive off water. When water is 
added to the resulting powder, the original mineral reforms and heat is released. 


2(CaSO,. 2H,0) + Heat === 2CaS0,. f H,O) + 3,0 


Calcium sulphate dihydrate + Hear === Calcium sulphate hemi-hydrate + Water 


Modern plaster-of-Paris bandages are made by grinding gypsum and iher 
heating it in a steam pressure autoclave. The powder is suspended in a volatile 
solvent with the various additives to improve the handling characteristics. The 
resultant slurry is coated onto the special interlock waven cloth, called leno. The 
solvent is removed in a drying oven after which the bandages are cut, rolled and 
packed in moisture-resistant containers. : 

Closely conforming casts can be made by using plaster-of-Paris bandages 
prepared on an elastic cloth instead of the usual cotton cloth. The bandages can 
stretch when wet to follow the shape of the limb, but once set they are the same 
as ordinary plaster casts. Orthoflex* is such a type of bandage. 


PLASTER-OF-PARIS WITH MELAMINE RESINS 


Melamine synthetic resin was mixed with plaster-of- Paris to form water-resistant 
casts in the 1950s (Morrison, 1953; Maudsley, 1955), The resin sets after contact 
with water and reinforces the plasterofParis bandage. With modifications, this 
form of casting material has continued in use to the present day (Zoroc*; 
Cellamin*). 


MATERIALS WHICH UNDERGO POLYMERISATION 


These form a complex group of materials which are undergoing continuous. 
development. Several of them are prepared in a form which requires the addition 
of water to convert them to their rigid state, whereas others are polymerised by 
different agents. 
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Table 13.) 
ee ee eee’ 
Prepara- Load- Ssrength/ Flamm- Remould- X-Ray Shaif- 
Name Presentation sion Equipment Set Beanng WFagki Stiffness ability able Clarity Mas Life Comments 
Piasicr-of-Paris 
Gyptona® Cotton bandages Wawrat Bucket . 4-$ min 48 Moderate Rigid Nil No = Relatively Considere 2-3 years in Dust if saw 
spread with 28-30°C opaque able adsy store used far 
r plaster-of-Paris ; removal 
Cillonat Conon bandages Waterat Bucket 3j min 48hb Moderate Rigid Nil No — Reavy Consides- 2 yeanin Dust ifaw 
spread with 20-25°C “aS on opaque able a dry store. used for 
plaster-of-Paris é k ‘ : Manufacture removal 
ae ` date on bor 
© Orthoflex® Elastic bandage Water at Bucket Smin 48h Moderate Rigid Nil No Relatively Consider” +3 years foil Dust if saw 
spread with 29°C A opaque able wrapped used for 
t plaster-of-Paris ý removal 
Mixtures of plaster-of-Paris and melamine resin i ` 
Zra" Cotton bandage Watera Bucke& 5-8 min Lh Fairly Rigid Nil No Mortans Very nle 3 years foil Smal! amount 
spread wuh 29°C gloves ‘ light & e fuscens than wrapped of formaide- 
plasterol-Faris . sroag j plaster hyde 
& melamine resin F x 
Celiamin* Cotton bandage Watra Bucka&  3jAj 24h Fairly Rigid Nil No Moreuane Very lite 2 years foil Small amount 
apread with 20°C gloves or = min light & luscens than wrapped of formalde 
plaster-of-Paris hand-<ream strong ee plaster hyde 
& melamine resin x 
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Table 13,1 (continued) 


Prepara. á Lood: — Strengrh/ Flamm- Remould: X-Ray Shelf. 
Nome Presentation tion Equipment Set Bearing Weight Stiffness ability able Clarity Mas Life Comments 
Water-activated polymerisable materials 
Bayeast* Cotton bandage Water at Bucket & 3-5 min 30min Very Slightly Flammable, No Transluscent at None 15 months Heat when 
(Cuttercast with polyurethane about gloves light & flexible as clothing ‘skin’ exposure foil wrapped. applied if cast 
in USA) prepolymer 21°C n strong Expiry date thick 
\ shown : 
Scorcheast* Knitted fibreglass Water at Bucket& 5-10 min30min Ligh& Almos Flammable, No  Transluscent None 12 months Hard to cut 
bandage with 18-24°C gloves.with ; very rigid as clothing foil wrapped 
polyurethane pre- hand-cream strong 
polymer 
Scotchflex* Conforming Water at Bucket & 5-10 min 30 min Light & Slightly Flammable, No © Transluscent None 12 months Easier to 
knitted fibreglass 18-24°C gloves with wrong, flexible as clothing foil wrapped cut than 
bandage with hand<ream © Scotcheast 
polyurethane š 
prepolymer : s 
Crystona* Polyester/cotron Water at Bucket & = }) min 60min Light & Almost Nil No — More transe A little Over 2 vean Hard to cut 
bandage with acrylic 20°C gloves strong rigid luscent than powder with saw 
polymer & glass plaster 
Deltalite*§ Cotion/polyester Water at Bucket& Imin 20min Light & Fairly rigid Flammable, No Transluscent’ None 2 years foil 
fabric knitted bandage 21-27°C gloves strong as clothing wrapped 
with polyurethane 
prepolymer 
Delialite*§ Knitted fibreglass Water at Bucker & 7min 20min Light Almost Flammable, No — Transluscent None 2 years foil 
glan bandage with 21-27°C gloves & very rigid as clothing wrapped 
polyurethane strong 
prepolymer 
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Table 13.1 (continued) ` , s 
Prepara- Load: Strength! Flamm: Remould- X-Ray Shelf- 
Name Presentaiion tion Equipment $u Bearing Weight = Stiffness ability able Clanity Mess Life Comments 
Noo-water-activated polymerisable materials 
Lightcas: 7* Fibreglass bandage Bandages U-Viight 3min tmin Ligh Stightly Less Namm- No Transluscent None Over 3 years Odour 
with photosensitive moulded source of ` & very Mexible able than 
g vinyltoluene resin & set appeoved strong clothing r 
under pe & . , : aes 
- ulin pona i 
7 violet 
light f 
Glassona* Knitted bandage of Acetone Safe 1S min 24hours Light & Slightly Highly No 
glass and cellulose solvent container 


Transbuscent Moderate Over 3 years Skin irritant 
srong flexible flammable oar 


acetate fibres for solvent 
& goves 
Neofracs* Two-part poly: Machine Mixing 5-10 min 39 min Light & Fairly rigid Less lamm- Limited . Much more = Some Over | year 
urethane with pre- mixed and machine, strong able than == remoulding 1ranssuscent 
fabricated zipped poured roller and clothing al 100°C than olaster 
‘garment!’ into mage of . 
‘garments’, ‘gzrments' 
Self 
moulding ‘ r " 
Fibreglass *{ Commercial DIY Rain Mining jar, [O min 30-60 Light & Fairly ripd. Flammable No More trans: Consider- 1-2 years Odour, 
glassfibre kits mixed lores, min strong OF luseent than able adheres to 
with Protective . plaster slut. Hard to 
caaly shee cut. 
und : i ; Impermeable 
spread on ' 


glass cloth 
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Table 13.1 {continued} 
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* See Appendix ; 


t Nore thet the authors do not recommend fibreglass for we in orthopaedic casts but recognise thal it may have appheations in cenain circumstances 


§ Available only in USA 


2 Preparo. Load. Strengih/ Flamm- Remould- X-Ray Shelf. 
Name Prewttcarion tion Equipment Sear Bearing Weight Stiffness ability able Clarity Mer Life Comments 
Therroopiastice 
Hexcehite* Open mesh Hetin = Thermostatic 3-4 min !Smin Light & Slighdy = Flammabte, Yea — Transluscent None Indefinite No ħazards 
thermopl stie Water at water bath. strong flexible a clothing with 50% 
bandage and sheet 714C Hot air gun exposure for 
é plaster 
, Orthoplan® lroprene rubber Henin Hotwater $-8min Wein Light & Slightly Flammable, Ye = Transluscent. None Indefinite No hazards 
sheets. Plain or water mt bah strong flexible as clothing . 
perforated 72=77°C 
Plastazoe* Closed cell cross 
linked polyethylene 
foam sheets 
Low PO?3 (pink) low Henin Oven with T5%of MWsfor Light & Flexible Flammabte, Yes  Transluscent None Indefinite 
density density foam sheers. an oven st enclosed heating exch mm hirly melts with 
polymers 40-50 kgim? 140°C for heating. time thickness strong buming 
20 4 for = clements drips 
each mm : 
. thickness : ` 
POT? (white) ditto diuo dto ` dno dito ditto dino dino ditto ditto ditto 
heavler density ` : 
foem sheets, . . 
65-75 kgm? ` F j 
High HO62 fdlack) high Hestin ditto & ditto ] min for Light & Fairly rigid ditto dino dino ditto ditto When 
density density foam sheets. an oven at gloves each mm strong moulding on 
Polymer 90-110 kg/m 140°C fot thickness the patient 
} min for use 3 layer of 
each mm low density 
thickness 


foam before 
applying high 


density foam 
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Water activated 


These are chemicals which are coated onto fabric or glass ctoth to form bandages. 
Contact with water initiates polymerisation so that the bandages set (Baycust*; 
Scorcheast*; Crystona*). 3 


Non-water activated 


The materials in this group may be coated onto fabric and be activated by a 
chemical solvent or by the addition of a catalyst. Ultraviolet light, of a 
wavelength not harmful to the eyes, is the activating agent for one photosensitive 
resin (Lightcast 11*). Another material consists of a two-part polyurethane that 
foams when mixed, and becomes a self-mouitding cast when poured into a 
double-walled, fabric tube pre-shaped to fit different parts of the body 
(Neofract*). 


LOW-TEMPERATURE THERMOPLASTICS 


These are inert plastics which become pliable when heated and harden when 
cooled. Theoretically the cycle can be repeated indefinitely, but in Practice it ts 
restricted to modifying casts or splints rather than re-using the material for 
different patients. The temperature to which these materials have to be heated 
exceeds that which can be tolerated by the skin, but since they’are poor 
conductors of heat they do not cause burns as long as the surface is dry and has 
been allowed to cool slightly after the material has been removed from the oven 
or water bath. These materials are prepared as sheets (Orthoplast*; Plastazote*} 
or open mesh bandages (Hexcelite*). In practice there does not seem to be a 
problem from softening of the casts when the patient stands close to a heat 
source, as sufficient heat passes through the walls of the cast to cause the patient 
to move away before the cast becomes soft. 


CHOICE OF MATERIAL FOR SPECIFIC 
PURPOSES 


The material chosen for any particular cast will depend upon 2 number of 
different factors — the reason for the cast, the experience of the user, the strength 
which is required in the cast, the duration for which the cast will be required, the 
likely exposure to water or soiling, the need for lightness, the likely need to 
modify the cast, the expense of the casting material. 

It is likely that plaster-of-Paris will remain the standard material for most casts 
and especially those used in the initial management of new fractures. It is 
familiar to all doctors as well as being cheap and the least demanding of materials 
to apply. It is permeable to air and allows blood, pus and odour to pass through 
to the surface and become obvious. Very accurate casting can be obtained with it, 


"See Appendix. 
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and its comfort and appearance can be excellent when it is skilfully applied. 

When a patient is frail, a light-weight cast may be best, and may enable the 
patient to be mobilised rather than remain confined to bed. A light-weight cast 
may also be used in the later stages of management of a fracture ia younger 
patients. A plastic material is chosen. Those available in a bandage form are 
easier to mould, but this is stih mare dificult than wich plaster-of- Paris. 

Many plaster-of-Paris casts are damaged by patients walking on them before 
they have thoroughly dried. ‘These have to be replaced with che resultant waste 
of time and materials. Plastic materials which achieve their maximum tinal 
strength quickly are ideal for weight-bearing casis. Their ability to withstand 
carly weighit-beacing reduces the chance of damage, and may allow a paticot ta be 
alowed home rather than stay in hospital just because he is unable ta walk non- 
weight bearing with crutches. 

Casis frequently are needed for several weeks or months in the management of 
orthopaedic conditions in children. Plaster-of-Pasis casts are easily damaged by 
children, but this damage can be avoided if a tayer of tough, water-resistant 
synthetic material is applied over the plaster-of-Paris. Many of these synthetic 
materials can be used alsa to repair damaged casis, the resulting repair being 
ligtter and stronger than if plaster-of-Paris had been used. However, casts must 
be repaired, rather than be replaced, only if it is certain that the inner layers of 
the cast have not been disturbed. Hf tuhe janer layers of the cast have become 
roughened or irregular, repair of the cast can [ead ta discomfort and even the 
development of a pressure sore. 

Expensive plastic casting materials generally are not used for casts which may ‘ 
have to be removed for remanipulation or to allow frequent examination. 

A non-inflammable cast should be considered if a patient ts likely to be exposed 
to naked flames. Ail forms of padding used under casts are inflammable, as is 
most clothing. The authors however, have been unable to find any authenticated 
account of injuries being caused by a cast catching fire. 

Some new casting materials can be remoulded by applying heat of more 
solvent. This can be an advantage where it is necessary to relieve pressure over 
bony prominences, or the shape requires to be changed as swelling subsides. 

Radiographs of high resolution cannat be taken through plaster-of-Paris. Some 
synthetic casts however are almost transparent to X-rays. 

Potential allergy or other health hazards to both the patient and the user must 
be considered when choosing and. using casting materials. Gloves frequently 
have to be worn when using some of the newer casting materials, both to ease 
handling of the materials as well as to protect the user from allergic skin 
reactions. 

A few materials incorporating glass (Crystona*; Fibreglass*; Scotcheast*) are 
hard to cut and may require specially hardened cutting tools or blades if these are 
not to be quickly blunted. ae 

At present the ideal casting material does not exist. If it did it might have the 
following properties — be suitable for direct application to the patient, be easy to 
mould, be non-toxic to both the patient and user, be unaffected by fluids such as 


*See Appendix. 


204 TRACTION AND ORTHOPAEDIC APPLIANCES 


water, be transparent to X-rays, be easy to modify, be quick setting, be easy to 
remove, be able to transmit air, odour, water, pus, be strong but light in weight, 
be non-inflammable, be non-messy in application and removal, have a long shelf- 


life. and he cheap. 


REFERENCES 


Maudsley, R.H. (1955) Resin-impregnated plasters. Lancet, i, 847, 

Monro, J.K. (1935) The history of plaster-of-Paris in the treatment of fractures, British Journal of 
Surgery, 23, 257. 

Morrison, J.B. (1953) Melamine resin in the making of plaster casts. Lancet, U, 1317. 

Sith A Nephew Vid (188¢) Pe History ad Bonito of Planerat- Pasi ii Niay. Welwyn 
Garden City, Herts. 


_Plaster-of-Paris casts 


Plaster-of-Paris casts can be responsible for the development of serious 
complications. 


IMPAIRMENT OF CIRCULATION 


A limb which has been fractured, or upon which an operation has been 
performed, will always swell to a greater or lesser degree because of haemorrhage 
from the bone and surrounding traumatised soft tissue, and because of 
reactionary tissue oedema. If such a timb has been encased in a plaster cast the 
swelling can result in an appreciable increase in pressure within the casi, and 
cause g reduction in or the obliteration of the blood supply of the muscles and 
nerves. An increase in the pressure within a fascial compariment of the limb in 
the absence of a plaster cast can have the same result. This impairment of the 
circulation can occur in the presence of distal peripheral pulses. Ischaemia causes 
tissue death and subsequent fibrosis. Joint contracture, muscle paralysis and 
altered cutaneous sensibility may develop and cause considerable permanent 
impairment of the future function of that limb. ` 

Patients who have sustained a fracture or undergone an operation commonly 
suffer pain. This pain rapidly and progressively decreases over the following two 
to three days. The persistence, the increase, or the recurrence of pain in an 
injured limb may herald the onset of circulatory impairment, or the development 
of a pressure sore. i 

Circulatory embarrassment or the development of a pressure sore is accompanied by 
severe pain. It is important to remember that patients do not always complain of 
pain to the attending doctor for varying reasons. Every patient who has a plaster 
cast applied must be directly questioned as to the presence of pain. Do not wait for the 
patient tò complain of pain — it may then be too late. 


TO ‘PREVENT. VASCULAR COMPLICATIONS | 


— Do not apply an unpadded plaster cast to a recently fractured 
limb, Many fractures can be adequately immobilised initially 
by the application over padding of a partly encircling plaster 
slab, the slab being retained by an encircling bandage. If a. 
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complete plaster cast must be used to maintain position, the 
plaster must be applied over padding: Preferably the plaster’ 
„ cast then should be split throughout Its length. ° 
— After an operation, always apply a well padded plaster cast, 
or split a lightly padded cast throughout its length. 
— Elevate the encased limb so that gravity can assist the 
venous return from the limb. ; l 
— Encourage active finger and toe movements, again to assist 
the venous roturn, "` i rs 
— Keep a frequent and careful check upon ‘the state of the “=~: 
circulation in the affected limb. .. hypeas. Pr Se ttc RAH 
1: Enquire about the presence and site ‘of any pain, Never ignore- . 
the complaint of pain, as even a fussy patient, can develop , ae rt 
circulatory embarrassment or a pressure "sore. AES 
2. Examine the fingers or toes for swelling- Swelling may be due = 
to venous obstruction, dependency < of. tHasinjured; Imbit RE #2 
insufficient active exercise or a combination of ail three. 
3. Compara the state of the Capillary circulatfon? especially i in 
the nail beds, in the Injured limb with that: ‘In’ the üninjured: me 
` limb. Blanching on pressure should be followed by a quick’: BEG 
- return of colour on release of the pressure:“The colour should at 
be pink. Bluenass of the extremities suggests: venous 
: obstruction. It should disappear on elevation’ of the limb.: 
White and cold fingers: or toes suggest! artérial: be frluctiont® 
.4, The peripheral pulses may be obscured by: ‘the ¢ Cast, but | p 
*- where possible palpate ‘them and comparé: With: the  Uninjure E 
“limb. Remember that circulatory embarrassment can’ be. Y 
™ present even when the distal pulses arg ‘palpable. ;* Lane 
5. Examine the extremities ‘for the presence,o| of altered skina E 
sensibility — hypoaesthesia. Loser jee: rap ti 
6. Teast the ease and range of active and ‘passive, movement of ey 3 
the fingers and toes. Pain on passive, extension , of the fingers 73: 
or toes is strongly indicative of Ischaemia of the flexor 2-24 
„ Muscle, QIOUPS. yt Qaeda n+ aes n MA ioni pwi A 


irman 


So Sed -i 


I there is evidence of impairment of the circulation in a limb, the plaster cast must 
be split at once throughout its lengh, or removed completely. If impairment is due to 
a rise of pressure within a fascial compartment, then the limb must be 
decompressed immediately. Remember that the splitting or removal of a plaster 
cast may not be sufficient; the limb may also need to be decompressed. The delay 
of a few hours may have disastrous consequences. A good rule is if in doubt split 
the plaster cast: it is better to split a cast unnecessarily and possibly lose the 
position, than to run the risk of ischaemic changes occurring in a limb. 

In generat a lower limb cast is split along the front, 2nd an upper limb cast 
along the ulnar of flexor surface. How to split a plaster cast is described later. 


oly dep epee OPA RIS CASTES G03 
PRESSURE SORES 


* 48 ae 

. 
Pressure sores can develop under a plaster cast due to irregularity of the inner 
surface of the cast, insufficient padding especially over bony prominences, the 
presence of foreign badies such as coins or matchsticks between the cast and the 
skin, or from the chafing of the skin by the rough cilges of a crack in the cast. 
The development of pressure sores can be prevented by the careful application of 
adequate padding, by the avoidance of varying tension in a coll of padding or 
plaster as it is being applied, and by the avoidance of localised areas of pressure 
by fingers or thumb while the plaster is wet. With regard to the latter, 4 wet cast 
must be held only in the palm of the hand, so that pressure is spread over a wide 
area. In addition a wet cast must be supported throughout its length on a pillow 
until it is dry, to avoid direct pressure on an underlying bony prominence, such 
as the heel or the point of the elbow, 


DIAGNOSIS OF THE PRESENCE OF A PRESSURE SORE 


1. Pain 

Pressure sores are painful initially. The pain will decrease when full thickness 
skin ulceration occurs. If a patient complains of pain under a plaster cast, which 
is not referable to the fracture or operation, the presence of a pressure sore must 
be suspected. 


2. Fretfuiness i 4 
Especially in children. Children may be too young to complain of localised pain. 


3. Disturbed steep 
This again particularly applies to children. 


4. Rise in temperature 


5. Recurrence of swelling of the fingers and toes 
Once the initial swelling has subsided. 


6. The presence of an offensive smell 


7. Discharge i 2 
A discharge may present either from under the edge of thé cast or by the 


appearance of a stain on a previously clean area of the cast. 


By the time the patient exhibits a rise in temperature, or there is a recurrence 
of swelling of the fingers or toes, or an offensive smell or discharge is noted, Full 
thickness skin ulceration with possibly necrosis of the underlying fat aad muscle 
will have occurred. The presence of a pressugg sore must be diagnosed before 
this state is reached: 

If the presence of a pressure sore is suspected, the skin in tha! ares must be 
examined immediately cither by cutting a window, or by removing the cast altogether 
(these procedures are described in detai! later). It is better to lose position father 
than allow a pressure sore to develop. ` 
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INSTRUCTIONS TO AN OUT-PATIENT 
WEARING A PLASTER CAST 


Only‘s imèl! number of patients who have had a plaster cast applied are admitted 
to hospital. The vast majority are treated as out-patients. 

Refore any patient is allowed to leave hospital, the circulation in the encased 
limb must be checked and found to be satisfactory. In addition the patient must 
be given the following instructions both verbally and in writing, 

1. Time and place of his next out-patient attendance which should be within the 
next 24 hours. 

2. How to recognise, and what to do about possible complications. 

3. What precautions to take with regard to the plaster cast. 


The following is a suggested sheet of instructions to give to a patient: 


Instructions to patients ln a plaster cast 


IMPORTANT 


Report back to the hospital immediately at any time of the day or night if 
You get increased pain, of pins and needles in the plastered limb, 
Your fingers or toes become blue, white, badly swollen or numb. 
You are unable lo move your fingers or toes. 


You loose any object, such as a coin or pencil, under the plaster cast. 
Do not rest the plaster cast on a firm surface. 
Do not hang the splinted limb down unless the limb is in active use. 
Use the splinted limb as much as possible. Move your fingers and toes, and all other 
joints not immobilised by the plaster cast, a number of sane every hour. 


R 


Keep tbe plaster cast dry. 
Report back to the hospital if the piaster cast becomes loose, cracked or soft. 


The application of the different plaster casts used in the treatment of fractures 
and other conditions is not described. This is well described in other books 
(Plaster-of-Paris Technique; Gypsona Technique; Orthopaedic Nursing) 

The following procedures are described: 
Removing a plaster cast. 

Pre-operative preparation of a limb immobilised in a plaster cast. 
Cutting a window in a plaster cast. 

Splitting a plaster cast. 

Wedging a plaster cast. 


REMOVING A PLASTER CAST 


A plaster cast used for the external immobilisation of a fracture will be removed 
after a certain number of weeks, to determine the state of union clinically and 
radiologically. When a plester cast is removed, it is important tha; the skin of the 
limb is not damaged, the patient is not subjected to pain, and control of the 
fracture is maintained until it is decided that the cast can be discarded. : 
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The plaster cast can be cut with plaster shears or with an electric plaster saw 
(c.g. Zimmer). Generally shears are used for children, small casts, and casts on 
the upper limbs. The electric plaster saw must not be used on unpadded casts. It may 
be used with great care when there is only stockinette under the cast 


HOW TO USE AN ELECTRIC PLASTER 
SAW (Fig. 14.1) 


The cutting blade of an electric plaster saw does not rotate. 
It oscillates, and will damage the skin only if it is drawn along 
the limb or if the skin is adherent to the underlying bone and 


therefore not mobile. 
Along 


r \ Up Down 


Limb 


Fig. 14.1 The correct way to use an electric plaster saw. 


— Switch on the saw. 

— Demonstrate to the patient that the saw will not cut skin, by 
placing the oscillating blade in contact with your own hand. 

— With light pressure apply the cutting blade to the plaster cast, 
keeping a finger under the neck of the saw to control the 
depth of the cut. In this way it is easy`to feel when the saw 
hasicut through the cast. 

— Remove the blade from the cut formed in the cast. 

— Reapply the cutting blade at a slightly higher or lower level. 

— Repeat these separate and distinct movements until the cast 
has been divided along its length. 
Do not draw the cutting blade of an electric plaster saw along 
the limb, otherwise the skin will be cut. Take particular care 
when there is a blood-soaked dressing under the cast. 
Do not hold the electric saw with wet hands, or allow the 
saw or the lead to the saw to get wet. 


HOW TO REMOVE A PLASTER CAST (Fig. 14.2) 


— Determine if the cast is padded. _ 
— Choose a line along which to cut the cast, avoiding any bony 


prominences, to reduce the risk of skin damage, For a lower 
limb cast, the line must pass in front of the lateral malleolus 


and behind the medial malleolus. 
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Lift off front / divide padding i 


Gently lift limb free : 


Cut cast along line 
- behind medial malleolus 
— in front of lateral malleolus 


Fig. 14.2 How to bi-valve a plaster cast. 


— Cut the cast on both sides of the limb (bivalve), with care. 

— Remove the front half of the cast, divide the underlying 
padding, then carefully lift the limb out of the back half of the 
cast. 

— Reapply the bivalved cast and secure ihe two halves of the 
cast to the limb with crêpe bandages, se annt to the 
Radiology Department. 


PRE-OPERATIVE PREPARATION OF A LIMB 
IMMOBILISED IN A PLASTER CAST 


It may be necessary to operate upon a limb which has been immobilised for some 
wecks in a plaster cast. Before operation, the skin should be prepared to remove 
the dead superficial epidermis and hair. After a few weeks a fractured limb can 
be moved puinlessly with gentleness and care. 


PROCEDURE ` |=! 


— Bivalve the cast as § described staves PS ate LN 

— Gently remove the limb from the cast and ‘place it.on a sheet” 
of polythene covered with a towel. {ayyh yoti pai aes 

— Gently wash the limb with soap and water, If necessary ‘using. 
a soft nail brush, to remove the scaly skin.;; ; 


REST 
— Shave the limb as necessary. We ict! 
— Wrap the limb in a Sterile towel and ropi ptt tt ‘inithe bivalved. ied 


cast,, |. į 
= Apply | a crêpe bandage’ or r lengths of ang 
hold the cast together.’ A 


L igth a ae 
oxide ‘strapping ‘to.’ 
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CUTTING A WINDOW IN A PLASTER CAST 


It is sometimes necessary to expose a limited area of skin surface for examination, 
when it is inadvisable to remove or bivalve the whole cast. This can be achieved 
by cutting a window in the cast. 

When it is known that a window will be cut later in a cast, for example for the 
removal of sutures, the site of the window can be indicated by applying 
additional dressings or a pad of wool over the wound, so that an elevation in the 
cast is produced. 


HOW TO REMOVE WINDOW (ig. 14.3) 


— Identify and mark out on the cast the area of skin to be 
exposed, allowing a reasonable margin for error. 

— Cut along the marks with an electric plaster saw. 

— Gently lever the window out. 

— Remove the underlying padding to expose the skin. 


Examine 


. Cut and apply felt 
Remove padding \ 


‘ Replace and sirap | 
- Lift off 


Fig. 14.3 Cutting a window in a plaster cast. 


HOW TO REPLACE A WINDOW | 


The window must be replaced after examination, otherwise, 
if the limb swells, the skin will impinge against the cut edges 
_ of the cast and pressure sores will result. In addition the cast 

will be weakened. 

— Remove any padding from the undersurface of the window. 

— Cut a piece of orthopaedic felt to the exact size of the 

~ window, and stick it onto the undersurface of the window. 

— Replace the window. : 

— Firmly apply zinc oxide strapping or plaster bandage around 
the cast to retain the window in position. . 
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SPLITTING A PLASTER CAST - 
HOW TO SPLIT A PLASTER. CAST . 


gs Make a longitudinal cut through the cast from one end to tha 
other, using plaster shears or sn electric plaster saw. 
Note: It is useless and dangerous to nibble at the free edge of, 
the cast under the misunderstanding that the swelling of the . . 
fingers or toes is due to constriction by the free edge of the, 
cast. The swelling of the fingers or toes is indicative of © 
Increased prassure within the whole cast. 

— Ease open the cut in ane cast about } to } inch (0. 6 to 1 25° 


cm), 3 ; cae dat 

— Divide all padding including | any mona to pate: 
the underlying skin, Wound dressings must | be cut as a blood-*. 
soaked gauze dressing dries rock hard le may Itself form a 
constricting ring., 

— Check that bare skin A exnosed PRATE the whole length 
of the cut in the cast. This is particularly important over the 
front of the ankle. RES 

. — Cut and place a strip of orthopsedia felt slong the whole 
length of the opening: in vie cast. This will prevent herniation : 


of the skin. 


i è byte Sa 
— Elevate the limb end | encourage activa; kul ament of as 


ES N 


o . - we TRA ot 
_ or fingers. sy ei, SLD ay ee 


Sees at Sew o we We Ae, 


When impairment of circulation is due to an increase in pressure within a fascial 
compartment, the treatment is operative decompression of that compartment. 


WEDGING A PLASTER CAST ee 


The aim when reducing a fracture is to reduce overlap and to obtain correct 
apposition and alignment of the fragments without rotation at the fracture site. It 
is difficult to maintain reduction during the application of a plaster cast. Post- 
reduction radiographs may show that although length and apposition have been 
satisfactorily obtained and rotation corrected, angulation at the fracture site is 
present. This can be corrected by wedging the plaster cast. 

Charnley (1970) states that wedging of plaster casts should be regarded as an 
unfortunate necessity rather than a procedure of choice. 

A wedge may be of the opening or closing type. In practice an opening wedge 
is preferable (Watson Jones, 1932). Charnley (1970) states that he has the 
impression that there is a higher incidence of delayed union when an opening 
wedge is used. He advises that wedging should be completed within the first 2 to 
3 days after the application of the first plaster cast. If however wedging is delayed 
until the fracture is ‘sticky’, distraction of the fracture and delayed union are iess 
likely to occur. Only wedge a padded plaster cast. : 
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HOW: ‘TO WEDGE A PLASTER CAST ee, 14. as 
: FAR a * west 

— Study the antero- OE ‘and ietorat Sendai to: 
determine In which direction angulation has occurred. 
~ Identify the level of the fracture. This can be done by * 

` ‘comparing the: radiographs with the cast, or more accùrately 
ree taking a radiograph after eerie a radio- ape soning 


pp tocthe cèst:z aiti ys, e, 3, He 


po etd eee . sadas 


x $ 
1 2 3 é 

Study ratliographs. Identify level and Cut along mark. Check radiograph. 
Check direction site of hinge. Open wedge. Insert felt 

of angulation. Mark cast. Insert wood Replaster cast. 


block. 

is shown on the 
jor and the 
dial/lateral, 


Fig. 14.4 Wedging a plaster cast. Note that in the above diagrams, angulation 
antero-posterior radiograph only. If engulation is present on both the antero-poster 
lateral radiographs, the apex of the wedge will be antero-medial/lateral or postero-me 


and the hinge must therefore be left at that site. 


— Make a circumferential mark on the cast at the level of the 
‘s fracture., 
= Determine where on this mark the hinge of the wedge | is to" ; 
* be ‘located. The hinge is situated over the apex of they ` 
“angulation when an opening wedge is proposed. 
° Cut:tound the mark with an electric plaster saw, leaving 2 a% 
* inches {5.0 cm) or one quarter of the circumference ems 
- the site of the hinge. 
— = Slowly apply a corrective force to reduce the angulation, thus 
: Opening the wedge, the cast hinging on the uncut portion. : 
i -Insert a wooden block to keep the wedge open. Temporerily > - 
~ ‘secure the block with zinc oxide strapping. 
— Take radiographs to determine whether adequate correction 
++ hasbeen obtained. If not, open or _— the wedge re 
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— If correction has been obtained, cut and Insert a strip of 
“orthopaedic felt the size of the eee leaving the weoden 
sai lock in place. eR 
— ly plaster bandages around the cast p 
- as the plaster cast:- Oe ab tivities 
. If pain persists for more than 1 to 2 ‘hours after. 
iar. oe Bas BERSED 
2. Routinely two weeks after wedging: Any ‘Blaster cast 
cen only be wedged once. If more correction is required, a 
-new cast must be applied. os eke 


ae 
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COMPLICATIONS OF WEDGING OF PLASTER 
CASTS 


1. Embarrassment of the cheulation’ in the limb. 
2. Pressure sores. 
3. Complete loss of the reduction. 


eS eres 
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4 Functiona! bracing 


Functional bracing is a closed method of treating fractures based on the belief 
that continuing function, while a fracture is uniting, encourages osteogenesis, 
promotes the healing of tissues and prevents the development of joint stiffness, 
thus accelerating rehabilitation. The concept accepts that the loss of the 
anatomical reduction of a fracture is a small price to pay for rapid healing and the 
restoration of function, without compromising the appearance of the limb by 
operative scars (Sarmiento and Latta, 1981). It complements rather than replaces 
other forms of treatment. 

The concept of functional bracing is not new. In 1855 H.H. Smith, a surgeon 
in Philadelphia, designed an appliance for the ambulaat treatment of cases of 
non-union of the proxima! femur. It consisted of a waist band, ischial support 
and a thigh-lacer, as well as knee and ankle hinges. Union occurred in the seven 
patients treated. In this century, Lucas-Championniére (1910) advocated early 
weight-bearing for tibial fractures treated in plaster casts, believing that ‘Life is 
Motion’. In 1926, Gurd (1940) recommended immediate weight-bearing in an 
unpadded below-knee cast, of the pattern later used by Sarmiento, for fractures 
of the ankle and foot. 

The present era of functional bracing probably began during the 1950s when 
Dehne used this method for the treatment of fractures of the shaft of the tibia in 
American troops (Dehne et al, 1961). Mooney et al (1970) stated that one 
thousand cases were treated. Non-union and persistent infection did not occur 
despite an approximate incidence of compound fractures of thirty per cent. In 
1963, Sarmiento began his systematic study of Functional bracing with both basic 
and clinical research. 


THE THEORETICAL BASIS OF FUNCTIONAL 
BRACING 


Fractured ribs unite. This indicates that the elimination of movement at 4 
fracture site is not mandatory for a fracture to unite. It is stability that |S 
important, to reduce pain, maintain alignment and prevent deformity. 
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If the fragments of a fracture are held rigidly together, the formation of 
external bridging callus is suppressed (Anderson, 1965) and union occurs by the 
formation of medullary callus. If some movement occurs between the fragments, 
external bridging callus forms, and as it is situated at a distance from the axis of 
potential movement, it has a greater mechanical advantage than medullary 
callus, and therefore makes a much stronger early repair. Sarmiento asserts that 
rigid immobilisation is detrimental to fracture healing and that the intermittent 
loading of the fracture area, by muscle activity and weight bearing, promotes 
local blood flow and the development of electrical fields which are beneficial for 
healing. 

A fracture brace which allows movement at the joints and some movement at 
the fracture site transmits a measurable load which decreases as the fracture 
progresses to union (Meggitt et al, 1981; Wardlaw et al, 1981). In the early stages 
of union ‘it is the soft tissue mass that transmits most of the load. The muscle 
compartments act as a fluid mass surrounded by an elastic container, the deep 
fascia. Fluid is not compressible and the fascia cannot be stretched beyond the 
confines of the cast. In this way, after a certain degree of displacement, pressure 
and load is transmitted without further deformation (Fig. 15.1). Elastic recoil 
takes place when the load is reduced. When muscles contract, they bulge. When 


om 


Fig. 15.1 Diagrarnatic illustration of how load is transmitted by muscle within a rigid container 
(the cast) as long as the fascia is intact (after Sarmiento & Latta, 1981). 


this occurs within a rigid constraining cylinder, the muscles are forced inwards 
away from the rigid walls and against the central fragments thus causing the 
bony fragments to be held more firmly (Fig. 15.2). 

Soft tissues are excellent at resisting tension as long as they have not been 
damaged too severely by the injury. The hydraulic forces described above 
control the fragments and resist overlap and angulation until callus forms and 
takes over that function. Rotation is resisted usually by components of the brace 
and/or the tendency of muscle contraction and joint movement to align the 
fragments. 3 

Sarmiento and Latta (1981) have shown that in closed fractures, shortening 
does not increase with weight-bearing, although the original amount of 
shortening does persist. In tibial fractures they found this to be only }-} inches 
(6.0-9.0 mm). In compound fractures, or others where there is a severe 
disruption of the soft tissues, there is insufficient tissue linking the fragments of 
bone 10 resist Overlap, despite the hydraulic forces which also act. These 
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Muscles Contract and Bulge 
Increased Overlap ol Fracture 
! 
H 
Y 


; | o | 
i Nal 


When Muscles Contract Within Rigid 
Cylinder They do not Bulge. Bony 
Fragments Held More Firmly. 


Fig. 15.2 When muscles contract within a rigid cylinder they are forced inwards away from the 
rigid walfs thus holding the bony fragments more firmly. 


l 
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fractures will shorten excessively if weight-bearing is allowed before the soft 
tissues have healed. An initial period of conventional treatment is therefore 
essential with such fractures. 


WHEN TO APPLY A FUNCTIONAL BRACE 


Functional braces usually are not applied at the time of injury. Conventional 
casts, which immobilise the joints above and below the fracture, or traction may 
be used initially, care being taken during this time to correct any angular or 
rotational deformity as the position following the cast bracing of a fracture is 
basically dependent upon the position of the fragments before the brace is 
applied. Compound fractures will not be ready for bracing as soon as closed 
fractures. 

Assess the fracture clinically when pain and swelling have subsided. 
1. Minor movements at the fracture site stiould be painless. 
2. Any deformity should disappear once the deforming force is removed. 
3. There should be reasonable resistance to telescoping. 
4. Shortening should not excede } inch (6.0 mm) for the tibia and } inch 

(1.25 cm) for the femur. 
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CONTRA-INDICATIONS TO FUNCTIONAL 
BRACING 


1. Lack of co-operation by the patient. As the co-operation of 
the patient is essential, the method cannot be used if this is 
uncertain. 

2. Fractures in patients with spastic disorders, as there is a 
tendency for the fractures to angulate within the brace. 

3. Deficient sensibility of the limb. 

4. Whon a brace cannot bo fitted closely and accurately, as a 
close fit with the minimum of padding is essential. 

5. Isolated fractures of the tibia. These should be treated with 
caution, as the intact fibula tends to force the limb into varus 
and to delay consolidation of the fracture. This is more 
marked with fractures in the proximal third of the tibia. 
Osteotomy of the fibula may be needed. 

6. Fractures in the proximal half of the shaft of the femur. As 
these fractures tend to angulate into varus, bracing should 
only be carried out by experienced personnel, 

7. Fractures of both bones of the forearm if reduction hes been 

difficult. 

Isolated fractures of the radius with damage to the inferior 

radio-ulnar joint or interosseous membrane. 

Isolated fractures of the ulna with damage to the superior 

radio-ulnar joint, 


D 
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THE USE OF MODERN MATERIALS 
IN FUNCTIONAL BRACING 


Many of the modern synthetic casting materials are well-suited for use in the 
functional bracing of fractures (see p. 196). Those supplied in the form of 
bandages are light and strong, and are used in the same way as plaster-of-Paris, 
Many of them are sufficiently flexible to allow the brace to be Joosened and 
tightened after it has been split longitudinally and straps attached. 
Thermoplastic casting materials supplied in shects, such as Orthoplast 
(Johnson & Johnson Lrd)* and Hexcelite (Orthopaedic Systems)* require a 
different technique, involving the careful use of patterns, before the final shape 
is cut from a large and expensive sheet of material. Kits are available 
commercially (Johnson & Johnson Ltd). Braces made from thermoplastic 
material arc easily modified by locat heating of the area to be altered. 
Prefabricated plastic femoral and tibial braces are available (United States 
Manufacturing Co.)* in a range of sizes. Fitting of these should be straight- 
forward as long as the limb conforms to one of the standard shapes, and attention 
is paid to preventing excessive pressure on the skin at the knee and ankle. 
mio oS Sg a a a 
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FUNCTIONAL BRACING FOR FRACTURES OF 
THE TIBIA ; 


Sarmiento and Latta (1981) found that external bridging callus did not form 
satisfactorily in response to the functional bracing of tibial fractures, unless the 
brace was applied within six weeks of the fracture occurring. After this time 
there was a higher incidence of delayed and non-union. 

For fractures of the tibial plateau, a cast brace incorporating hinges is required. 


HOW. TO APPLY A FUNCTIONAL BRACE FOR 
THE: TIB 


1. Using plaster-of- Paris: the Sarmiento tibial plaster cast (Fig. 
15.3). 


= Remove: ‘the ériginal cast and any, aedlotog pins, and cover 
any, ‘pin ‘holes with small dry dressings. 
— Sit the patient on a couch with his legs dangling Over the 
edgé“and the relevant thigh supported on a sand bag. 
-. Encourage the patient to relax. 
> ` — Liberally dust the leg with non-perfumed talcum powder,” 
`- before rolling the cast sock or stockinette onto the limb one 
the toes to above the knee, taking care to avoid any wrinkles, 
— Apply minimal orthopaedic wool padding over the heel, tendo 
~~ calcaneus, malleoli, common pooma nerve and tibial 


"condyles and crest. 4 SHG ee a m Se. 
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Fig. 15.3 The Sarmiento tibial plaster cast. 
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— With the ankle at a right angle, apply plaster-of-Paris 
.bandages from the toes to 2 inches (5.0 cm) above the 

_ ankle, moulding carefully around the ankle. 

— Apply further plaster-of-Paris from the toes to the tibial 
tuberosity and mould it over the medial proximal half of the. 

. Soft tissues of the calf, aiming to reproduce the shape of the 
sound leg. 

— Flex the knee to 40 degrees and rest the patient’s heel on 
your lap. 

— Apply further plaster-of-Paris from the top of the cast to 1 
inch (2.5 cm) above the proximal pole of the patella. 

— Firmly mould the plaster cast over the medial flare of the tibia 
and the patellar tendon. At the same time apply firm pressure 
in the popliteal fossa and the back of the calf with the flat.of 
the hand, to produce a triangular cross-section in this area to 
help to control rotation. 

— Mark out and trim the upper end of the cast, ‘keeping the ears 
as long as possible on both sides of the knee. Posteriorly the 
upper edge of the cast is level with the tibial tuberosity. 
Inferiorly the toes must be free to flex and extend fully (Fig. 
15.3). 

— Fit a walking heel slightly anteriorly to ihe long axis of the, 
tibia. TE 
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2. Using eennctets rnateital sorte (Fig. 45. a 


This account is based on the instruction sheet from Johnson ` 
& Johnson Ltd, the makers of er i a paper by 


jai Suman (1981) ye gi hy idin REPS Sl 


Fig. 15.4 Orthoplast tibial functional brace. 
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Two people are required. The patient must be able to co- 
operate without sedation. s. g 

— Remove the original cast and any transifixing pins, and cover 
any pin holes with small dry dressings. 

— Sit the patient on a couch with his legs dangling over the 
edge and the relevant thigh supported on a sand bag. 
Encourage the patient to relax. 

— Roll a double layer of stockinette onto the limb from the 
middle of the foot to above the knee, taking care to avoid 
any wrinkles. i 

— Wrap a layer of adhesive foam around the ankle to protect 
the malleoli, and one or two layers of orthopaedic wool 
padding, if necessary, over the tibial crest and condyles. 

— Cut a pattern from thin card (Fig. 15.5) and trim it so that it 
extends from the middle of the patella to the tips of the 
malleoli. It should wrap around the shin and overlap by 2 
inches (5.0 cm) in the mid-line posteriorly. If a tibial bracing 
kit is being used, choose and trim the most suitable of the 
three half patterns supplied in the kit. 


Fig. 15.5 Shape of patiern for Orthoplast tibial functional brace. A. Distance from superior 
pole of patella to ankle joint. B. Circumference at level of tibial condyles, plus 2 inches {5.0 cm). 
C. Circumference around ankle at level of malleoli, plus 2 inches (5.0 cm). 


— Mark out the final shape on the sheet of perforated 
Orthoplast. 

— Check with a tape measure (Fig. 15.5) that A, the mid- 
anterior vertical line of the marked shape is equal to the 
distance from the top of the patella to the inter-malieolar line; 
B, the width at the level of the tibial condyles is equal to the 
circumference there plus 2 inches (5.0 cm); and C, the width 
1 inch (2.5 cm) above the malleoli is equal to the 
circumference there plus 2 inches (5.0 cm). 

— Cut the Orthoplast sheet as marked, heat it in a water bath at 
a temperature of 72 to 77°C for three minutes, and then dab 
it dry. i 
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— Support the patient's leg with the knee flexed about 40 
degrees by resting the heel on your knee. 

— While holding the edges apart at the back mould the supple 
sheet of Orthoplast over the leg until the front is perfectly 
smooth and contoured. Then temporarily bond the sheet to 
itself by pinching the pieces together posteriorly to form a 
vertical seam. This since a snug fit to, be made all the way 
down, : 

= Triny the protruding layera to a width of'1 Inch (2.6 cm), 
degrease the surfaces which are to be bonded, with 
trichloroethane or carbon tatrachiorde ena then fold down + 
the seam So that it lies flat. pee 

— Firmly wrap a cold, wet elasticated REA ‘over the ‘brace 
from the ankle to the knee to assist close moulding and ; 

- accelerate setting. : ri 

— As Soon as the wet bandage ie been’ ‘sppited firmly, mould - 
the Orthoplast on either side of the tibial crest to provide a ` ` 
relief channel (Fig. 15.6), over the patellar tendon to ensure ` 
that the brace is patellar tendon bearing; and in the politeal 
fossa to produce a triangular cross section’in this area to help 
to control rotation. : 

— When the Orthoplast has hardened, remove the wet bandage 
and with scissors, trim the top and bottom edges of the 
brace, Full flexion and extension of the knee must be 
possible, and the ears at the top must be left long enough so 
that the brace extends around two thirds of the 
circumference of the knee. Ensure that the brace does not 


: . Press on the tendo calcaneus. > az 8 
a te. aR iG Pais oc} E Ae Taka Yi <0 "Lee 


Fig. 15.6 Moulding Orthoplast on both sides of tibial crest to provide a relief channel: 
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— Fold the stockinette over the edges of the Orthoplast and 
secure with adhesive tape (Fig. 15.4). 
— Fit a heel cup (see below). ` 


HERL-CUPS 


The purpose of a heel-cup is to help to control rotation and to stop the brace 
sliding down the leg. Jt will also give some lateral support. 

1. A simple form of heel-cup can be made from a strip of plain Orthoplase 
measuring Ul by 3 inches (27.0 by 7.5 cm}. After the usual beating, drying and 
degreasing, attach the strip to the buck of the brace so that it covers the back of 
the ankle and heel and then extends forwards under the becl 19 the front of the os 
calcis (Pig. 15.4). 

2. Ready-moulded polypropylene heel-cups are available (Fig. 15.7). Choose 
the appropriate size of heel-cup and secure it to the lower cud al the brace by 
wrapping a suip of Orthoplast, measuring approximately 9 by 4 inches (23.0 by 
10.0 cin) over the uprights of the heel-cup, after the usual heating, drying and 
degreasing. 


Fig. 15.7 Ready-moulded polypropylene heel-cup. 


Once the heel-cup is aitached, the patient should be able to wear ordinary 
shoes and walk with a normal gait. In addition, the heel-cup can be swung 
backwards to allow the patient to wash the foot and to put on a sock under the 
heel-cup. 

Excoriation of the skin under a thermoplastic brace can occur due to excessive 
sweating. This problem can be overcome by making the brace removable. To do 
this, the brace is split from top to bottom posteriorly, using short even vertical 
strokes with a cast cutting saw. Care is essential to avoid overheating and the 
possibility of burning the patient’s skin. Velcro straps are then fined. 


FUNCTIONAL BRACING FOR FRACTURES OF 
THE FEMUR 

+ 
Many authors (Mooney et af, 1970; Connolly et al, 1973) state that long-leg cast i 
braces should only be used in the management of Fractures in the distal half of , 
the shaft of the femur, as these braces cannot control the tendency of fractuces in 
the proximal third of the femur to go into varus, from the pull of the hip 
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abductor and adductor muscles. To control fractures in the proximal third of the 
femur, this tendency to varus angulation must be resisted. This requires the 
thigh cast to be attached proximally to a pelvic band via a hip joint. 

Meggitt et al (1981) have designed a hip-hinge thigh-cast brace (Fig. 15.8) for 
use in the management of this fracture. The thigh-cast, quadrilateral in shape to 


Fig. 15.8 Hip-hinge thigh cast brace. 


= 


resist torsion, extends distally to just above the knee. Proximally it is attached by 
a metal uniplanar hip hinge to a rigid pelvic band, fitted with an adjustable waist 
belt and shoulder strap. The axis of the hinge is set level with the tip of the 
greater trochanter in a position of 20 degrees of abduction at the hip. In 24 
patients with fractures of the proximal half of the shaft of the femur, union 
occurred after between 11 and 18 weeks, and varus angulation was not a 
problem. 

In fractures of the distal two thirds of the shaft of the femur Meggitt ct al 
(1981) claim that a long-leg cast brace functions mainly as an anti-buckling 
hinged tube. They feel that once telescoping of the fracture has ceased, the 
fracture receives little hydraulic support from the muscles, being supported 
instead, by the thigh-cast, knee hinges and upper shin cast which transmits 
between 10 and 30% of body weight. The ankle and foot section of the brace 
immiobilises the foot, ankle and calf and only acts as a static Support for that part 
of the brace above. They suggest therefore, that a standard long-leg cast brace 
should be used only for the management of fractures of the distal half of the shaft 
of the femur and of the tibial plateau, in obese patienis with flabby thighs and 
without a waist. For these fractures in patients who are not obese and who have a 
more muscular and cylindrical shaped thigh, they suggest a knee-hinge cylinder 
cast brace suspended from a waist band (Fig. 15.9). A similar reduced femoral 
cast brace is described by Sarmiento and Latta (1981), the brace below the knee 
being reduced to an encircling calf band, with the lower arms of the metal knee 
hinges being riveted to a plastic heel-cup (Fig. 15.10). 
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Fig. 15.9 Knee-hinge cylinder cast brace, using metal knee hinges. 


Fig. 15.10 Femoral functional brace in thermoplastic material. 


HOW Tò APPLY A LONG LEG CAST BRACE 
i. ad z 

i This. the of cast brace (Fig. 15.1 1) is used for the treatment of 
. ~ fractures of the distal half of the sheft of the femur and of the 
` tibial; plateau.; Full extension of the knee and sufficient callus to 
= Prevent shortening must be present, and pain and marked 
= mobility: at the fracture site must be:absent. Most fractures can - 
- be braced within four to six weeks.of injury. 
Various types of plaster or thermoplastic materials may be. 
: used,.The brace is constructed in four separate stages: omen.. 
5 presigeation, stan se Cast, thigh-cast ahi Tao of. knee. ae 
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1. Using Orthoflex and Zoroc: Femoral Functional Bracing Kit 

(Johnson & Johnson Ltd) (Fig. 15.11) 

a. General preparation 

— Sit the patient on a couch on a firm pad to ensure clearance 
of about 6 inches {15.0 cm) beneath the patient’s thigh, This 
exposes the gluteal crease and thus allows the smooth 
applicc'ion of the thigh part of the brace. 

— Remove any traction pins. Although traction pins can be left 
in situ and Incorporated In the braco, application Is easior if 
they are removed. 


Fig. 15.11 Long leg cast brace. Note the polyethylene knee hinges. 


— Liberally dust the limb with non- perfumed talcum powder, to. 
make the application. ‘of: the cast sock; ‘or:  stockinette easier.: 

— Roll the cast sock onto the limb from the’ toes to the groin 

` „taking care to avoid wrinkles, and ask the patient to hold the : i 

“east sock high into‘the groin and: gluteal’ ‘crease. all the time.” 

— Apply minimal orthopaedic wool padding ‘over the heel, tendo” 
` calcaneus, malleoli, tibial crest and condyles and the common. 
peroneal nerve. -= =- s "= BENGE Os z a 

— With the adhesive surface icing outwards to EBKEN 
possible skin reaction apply a pre-cut piece of iia i 
felt over the tibial condyles, making sure’ ‘that the double layer.’ 
is on the medial side to assist in the aligriment or the Hogos = 
(Fig. 15.12). dft ttn + . nýr: Q zi . 

— Apply a second pre-cut plece of orthopaedic felt over ‘the E 
femoral condyles again with the adhesivė' ‘surface facing. ; 
outwards, but with the double layer on’ ithe lateral side (Fig. vr 
15.12). i 
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Medial. : Lateral 


— Double Layer of Felt 


Double Layer of Felt 


Fig. 15.12 To show how the orthopacdic felt is applied above and below the knee. 


b. Below-knee cast 

-- With the ankle at a right angle, apply one 5 inch (12.5 cm) 
wide roll of Orthoflex elastic plaster bandage from the base 
of the toes to within 4 inch (6.0 mm) of the top of the 
orthopaedic felt. The bandage must be rolled on and NOT 
tensioned, to avoid an unduly tight cast. 

— Cover the Orthoflex with one 6 inch (15.0 cm) wide roll of 
Zoroc resin plaster bandage. 

— Carefully mould the cast around the heel and ankle and wait 
“until it sets. 


c. Thigh cast 

— Support the leg and exert slight traction on the limb 
maintaining the correct rotational position. 

— Make sure that the cast sock is held high up into the groin 
and gluteal crease. ‘ ‘ 

— Heat the pre-cut Orthoplast cast brim in a water bath at a 
temperature of 72-77°C for three minutes, mop off the 
surface water and fit the cast brim snugly around the upper 
thigh ensuring a close fit at the groin. 

— Trim and smooth the upper edges of the cast brim. This is is 
helped by firmly pulling the cast sock down over the upper 

-edge of the Orthoplast. 

— Apply a cold wet elasticated bandage over the Orthoplast. 

— Mould the cast brim into a quadrilateral shape by applying 
pressure with both hands. Maintain this pressure until the 
Orthoplast hardens. The quadrilateral shape of the upper part 
of the thigh cast helps to control rotation. 

— Firmly apply one 5 inch (12.5 cm) wide roll of Orthoflex 
elastic plaster bandage around the thigh from } inch (6.0 
mm) above the lower edge of the orthopaedic felt to 4 inch 
(1.25 cm) below the top of the cast brim. Do not apply the 
Orthoflex under tension. 
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— Cover the Orthoflex with one 6 inch (15.0 cm) wide roll of 
Zoroc resin plaster bandage. 

— Mark on the cast sock, the centre of the patella, the line of 
=the’ joint, and the mid-point of the limb on both the medial 
and lateral aspects (Fig. 15.13). 


Anterlor 


‘hein oat Line of Knee Joint 


——— m Á Á 


Centre of Patella Line-for Knee Hinges 


Fig. 15.13 Mark on the cast sock, the centre of the patella, the line of the knee joint, and the mid- 
point of the limb on both sides. The hatched line indicates the position for the knee hinges. 


d. Hinges 
These may be of polyethylene (as wind in the kit), or 
metal. Metal hinges must be positioned accurately using a jig. 
Accurate positloning of the polyethylene hinges Is not so 
important as they do not have a localised axis of rotation. In‘ 
addition their side arms cannot be shaped to fit the contours ' 
of the limb. 


{i} Polyethylene hinges (Fig. 15.14) ... ñ; ley 
— Make a slab from one half of a 6 inch (1 5; o) cm) wide Zoroc 
-. bandage and place it, over, the front of: the slower: part of the >. °. 
* thigh cast. i poe 
: — Position the hinges on the slab so that De lie just behind the | 
mid-point of the limb on each side of the knee (Fig. 15.13). 
Fold back the ends of the slab over the ends of the hinges: . 
and then, using the remains of the above Zoroc bandage, 
firmly bind the hinges to the thigh cast by. twisting the at 
bandage into a rope as it crosses the hinges.. The hinges are =< 
covered completely from the corrugated. Section to the, top.: 


o o0 
o ° 


Fig. 15.14 Polyethylene knee hinge. 
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— Wait until the above plaster is set and then make another slaty 
frorh a similar roll of Zoroc bandage and place it over the 
upper margin of the below-knee part of the brace. 

— While maintaining traction on.the limb, push the thigh cast 
proximally and then bind the lower part of the hinges to the 
below-knee part of the cast in an identical manner as befora, 

— Turn the cast sock back over the lower end of the brace at 
the toes and fix it in position with a 4 inch (10.0 cm) wide 
roll of Zoroc bandage using the rest of the bandage to 
reinforce the sole of the brace. 

— After the plaster has set, ask the patient to gently flex the 
knee. Trim the brace as necessary to ensure that it is 
comfortable and that flexion of the knee to 90 degrees is not 
impeded. 

— After 24 hours, give the patient a plaster boot and allow him 
to begin mobilising, taking as much weight through the 
brace, as he can. 


Fig. 15.15 Metal knee hinge. 


_ (il) Metal hinges (Fig. 15.15) 
— Temporarily lock the metal hinges in extension and then fit 
` them to the jig, to hold them parallel (Fig. 15.16). 


Fig. 15.16 Jig to hold the metal knee hinges parallel. 
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— Offer up the hinges in the jig to the limb and hold them at the 
level of the middle of the patella and about } inch (2.0 cm) 
behind the mid-point of the limb on each side. 

— Shape the arms of the hinges with bending irons, so that the 
plates at the end of the arms rest snugly against the cast. 

— Check that the hinges are orientated correctly-to allow flexion 
of the knee and do not rub on the sides of the limb. 

— Clamp the lower ends of the hinges to the below-knee cast 
with a giant jubilee clip. 

— While maintaining traction on the limb, push the thigh cast: 
proximally and then clamp the upper ends of the hinges to 
the thigh cast with a second jubilee clip. This will seat the 
thigh cast as firmly as possible. z. 

— With the jubilee clips in position (Fig. 15.17}, plaster the ends 
of the hinges onto the casts above and below the clips, then 
remove the clips and complete the attachment of the hinges. 

— Remove the jig and the locking screws from the hinges, and 
check that the axis of movement looks correct when the 
knee is flexed gently, as far as the patient will tolerate. 

— Finish off the lower end of the brace and trim it as described 
above. 


Fig. 15.17 Jig holding metal knee hinges in position with pointer over the centre of the patella, 
and giant jubilee clips holding arms of hinges to the cast. 


2. Using thermoplastic material 


A functional brace for the femur can be made from 
thermoplastic materials. Either metal or polyethylene hinges 
can be used. The brace is applied in two parts, tibial and 
femoral, later joined together with the hinges. Both the tibial 
and femoral parts are applied in ways essentially identical to 
those already described above. The measurements are shown 
in Figs 15.18 and 15.19. These braces can be split and 
fastened with straps so that they can be removed or their 
tightness adjusted. l 
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Fig. 15.18 Shape of pattern for Orthoplast for femoral part of femoral functional brace. A- 
Distance from ischial tuberosity to medial femoral condyle. B. Distance from groin to medisl 
femoral condyle. C. Distance from tip of greater irochanter to lateral femoral condyle. D 
Circumference of thigh at level of femoral condyles plus 1 inch (2.5 em). E. Carcunifereiice at 
mid-thigh plus | inch (2.5 em). F. Oblique circumference at groin plus } inch (2.5 cm). 


a 


‘Fig. 15.19 Shape of pattern for Orthoplast for tibial part of femoral functional brace. A. : 
Distance from tibial plateau to ankle joint plus 1 inch (2.5 em). B. Circumference at level of ubal 
condyies plus 1 inch (2.5 cm). C. Circumference around ankle at level of mallcoli plus 1 inch 


(2.5 cm). a 


WHEN TO DISCARD A FEMORAL CAST 
BRACE 


Mooney et al (1970) determined empirically to remove a femoral cast brace on 
the basis of the function and not the radiological appearance of the injured limb. 
They felt that what was important was that the patient could use the limb 
without distress, could tolerate full weight bearing and had sufficient active use 
of the knee for walking and sitting. 

It has been shown (Meggitt et al, 1981; Wardlaw et al, 1981) in studies of 
fractures of the distal two thirds of the shaft of the femur using strain gauges 
incorporated into long-leg cast braces, that the thigh section of the cast brace 
carries on average 10-30% of the weight of the body, during healing of the 
fracture. As the fracture progresses towards union, the percentage of the weight 
of the body transmitted by the limb increases until full weight bearing occurs. 
From these observations Meggitt et al (1981) developed a crude but simple and 
practical test, using bathroom scales, to determine when it is safe to remove the 


brace. 
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The patient stands erect with the foot of the braced limb on baifio scales 
and the foot of the normal limb supported at the same level on wooden blocks. 
Using a frame or crutches for balance, the patient slowly transfers as much 
weight as possible to the fractured limb for ten seconds. This is repeated several 
times until a consistent highest recording of the ‘standing weight’ is obtained. 
From this and the known weight of the patient, a ‘fracture load-bearing index’ is 
calculated as a percentage of the body weight. As union occurs, this index 
increases. When full weight bearing is achieved, the cast brace can be removed. 
Immediately after removal of the brace, the index falls, but rapidly recovers after 


one to three weeks. 


FUNCTIONAL BRACING FOR THE HUMERUS 
(Fig. 15.20) 


Sarmiento and Latta (1981) do not advise bracing for ten to fifteen days after the 
fracture has been sustained. One of the authors, however, will apply a brace 
much earlier, if the patient can be relied upon to adjust the tension of the brace 
as the swelling of the upper arm varies. 

It is essential that these braces are made from material which is light and 
sufficiently flexible to enable it to be easily tightened and loosened around the 
upper arm. Thin sheets of thermoplastic material, such as Orthoplast are 
available in kit form with patterns, 3 


— vo 


Fig. 15.20 Functional brace forthe humerus. 
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— Draw on the arm an outline of where the brace is to lie, or if 
a commercial kit is being used, choose the pattern of the | 
correct size (Fig. 15.21). The brace must be free of the 
elbow crease and the axilla, but must extend almost to the 
olecranon and the point of the shoulder. It must not extend 
beyond the elbow or shoulder as this will restrict subsequent 
movement (Fig. 15.20). 


Fig. 15.21 Shape of pattern for Orthaplast functional brace for the humerus. A. Distance from 
3 inches (7.5 cm) above the shoulder joint to the inner crease of the elbow. B. Circumference of 
upper arm at. the level of the axilla plus 2 inches (5.0 cm). 


— Cut a sheet of Orthoplast to conform to the outline on the 
upper arm or to the pattern, allowing a generous overlap. 
—‘Ask the patient to lean towards the injured side, to allow the 

upper arm to hang free of the side of the chest. 

— Apply a cast sock or a double layer of stockinette over the 
upper arm. 

— Heat the Orthoplast in a water bath at a temperature val 72 to 
77°C for three minutes, dab it dry, sprinkle talcum powder 
where the material will overlap to prevent it from self- 
bonding, and then shape the supple material around the 
upper arm. It may be more convenient to carry out the initial 
rough moulding onthe patient’s sound upper limb. 

— Wrap a cold wet elasticated bandage over the Orthoplast. 

— When the Orthoplast has hardened, remove the wet bandage 
and then the brace and trim the brace until it fits comfortably 
and all its edges are smooth, 

— Attach Velcro straps and check that the patient can 
manipulate them. 

— Turn the cast sock or stockinette over the upper and lower 
edges of the brace and secure it with adhesive tape. 

— Tell the patient that the brace must always be kept wrapped 
as firmly as possible around the limb, consistent with 
comfort. À 

— Show the patient how to remove the collar and cuff, flex and 
extend the elbow, and carry out pendulum movements of the 
shoulder. 
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External skeletal fixation 


The term external skeletal fixation is used to describe the method whereby bones 
and bone fragments are held rigidly by metal pins, which transfix the individual 
bone fragments but not necessarily the limb, and which ace themselves attached 
securely to a strong external frame. The main supporting frame is attached to the 
ends of the pins thus keeping, it clear of the soft tissues and therefore leaving 
room for dressings or procedures such as skin grafting to be carried out. Foreign 
material is not placed at the site of intended bony union. Rigid fixation of the 
fracture minimises the risk of infection (Hicks, 1970). This method so 
‘immobilisation’ of bone falls between plaster casts and internal fixation with 
plates and screws or mails. 


DEVELOPMENT OF EXTERNAL FIXATION 
SYSTEMS 


The concept of external fixation of fractures is not new. For many years it has 
been standard practice when a fraċture of the femur is present, to immobilise a 
fracture of the ipsilateral tibia by transfixing it above and below the fracture stte 
with Steinmann pins which are then incorporated in a plaster-of- Paris cast. 
Charnley compression clamps are a form of external fixation which have been 
used for many years when performing an arthrodesis. The bone on each side of 
the joint is transfixed by a Steinmann pin. Simple clamps attach threaded 
connecting rods to the ends of the pins. When wing nuts on the connecting rods 
are turned, the Steinmann pins are approximated and the prepared bone ends are 
brought and held rigidly together under compression. . 
Various external fixation frames were developed to control the osteotomy site 
in leg-lengthening procedures. The earliest was probably that of Puti (Abbott, 
1927), who in 1921 transfixed each half of the bone and soft tissue on both sides 
with a pin, and placed spring meal struts between the ends of the pins. Abbou 
developed the idea with two pins bove and below the osteotomy site, t0 improve 
control of angulation. These frames were rarely used for treating fractures. In 
1938, Hoffinann, a Swiss duzar, designed an external fixation system 
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specifically for the treatment of fractures. This system was used until 1968, 
when the original concept was modified by Vidal in France. This work resulted 
in the construction of a frame which allowed for both the reduction of the 
fracture after assembly of the frame, as well as the provision of rigid stabilisation 
of the most severe fractures of long bones. 

There are now several external fixation systems commercially available. They 
alt follow the same basic principles, 


THE PRINCIPLES OF EXTERNAL FIXATION 
SYSTEMS 
PINS 


Although only one pin may be placed in each site, it is more usual for two or 
three pins to be placed close together to obtain a firmer grip on the bone and to 
prevent rotation. 


Transfixing pins 


These pass through the bone and the soft tissues on both sides of the limb. 
Although 2 more secure grip on the bone and the frame will be obtained, they 
may cause damage to vital soft tissues. They are not recommended for us¢ in the 
upper limb, or upper femur. 

Transfixing pins may be completely-smooth or have a centrally raised threaded 
section. They are available in different diameters and overal! lengths and with 
threaded sections of various length to allow the correct size to be chosen for each 
patient. The correct transfixing pin is where the length of the threaded section is 
several threads longer than the diameter of the diaphysis or metaphysis into 
which it is to be inserted. 


Half-pins 


These do not pass through the whole limb. They are inserted from one side of 
the limb only, thus reducing the danger of damage to vital soft tissues. They 
must however pass through the whole width of the bone, penetrating both 
cortices. Generally they are used in the upper limb, pelvis and upper part of the 
thigh. Half-pins may be self-drilling and sclf-tapping and the threaded section 
may be continuous or interrupted, 

Those half-pins with a continuous threaded section are used commonly in 
cancellous bone. The length of the threaded section should exceed the diameter 
of the bone by several threads. If a half-pin with a continuous threaded section is 
to be inserted into the diaphysis of a long bone, the bone must be drilled before 
the half-pin is inserted. i 

Half-pins with an interrupted thread are used primarily in long bones where a 
good purchase can be obtained in both cortices. If a self-drilling and tapping pin 
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with a continuous thread is inserted into a diaphysis of a long dane, there is a 
danger that the thread, cut in the first cortex, will be damaged when the pin is 
being drilled through the second cortex: The use of a pin with an interrupted 
thread avoids this as the smooth central section of the shank will still be in the 
first cortex while the second cortex is being drilled. Once the second cortex has 
been perforated both sections of the thread will be screwed into their respective 
cortices (Fig. 16.1). A radiograph is needed to help choose the correct length of 
half-pins with an interrupted thread. 
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Fig. 16.4 If self-drilling and tapping pins are used, the threaded section must be interrupted, 
and the pins must be of ihe correct length. 


FRAMES 


Although in an emergency, frames can be constructed from different materials in 
a variety of ways, using for example plaster-of-Paris, Nissen U-loop or Charnley 
compression clamps, commercially available frames are better. 

Many of the different types of frame use a variety of clamps, universal joints 
and rods of varying length to construct the frame. Some frames are more rigid 
than others. They also differ by the ease with which the frame is constructed and 
by which the position of the bony fragments can be adjusted, once the frame has 
been constructed. The more complex frames permit the correction of angulation 
and rotation as well as the distraction or compression of the bony fragments. 
With some frames, the pins in each group must be inserted parallel co one 
another for the clamps to fit, and therefore it is important to use a jig in their 
insertion. Other frames have clamps which can accommodate groups of pins 
which are not parallel to each other. 

Some modern external fixation systems incorporate a layer of insulating 
material in.the clamps to prevent electrolytic action if slightly dissimilar metals 
are used, and to prevent distortion of any electrical fields that may be added from 
internal or external electrodes separate from the frame. 

After construction, some external fixation systems can be suspended from a 
Balkan beam, by attaching cords and weights. Elevation will help to reduce 
swelling, prevent compression of sofi tissues, aid wound toilet and maintain 
mobility of the patient. k 
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INDICATIONS FOR THE USE OF EXTERNAL 
SKELETAL FIXATION | 


External skeletal fixation has valuable applications in the treatment of both acute 
trauma and elective surgery. 

1. Some closed comminuted fractures where the fragments are large enough to 
take transfixing pins, and traction is not suitable, 

2. Fractures associated with extensive damage to the soft tissues where traction 
is not suitable, and where the frequencapplication of dressings or skin grafting is 
required, or a vascular reconstruction or nerve suture needs protection. 

3. Fractures with significant loss of bone, such as following gunshot injuries, 
where it is essential to maintain the length of the limb. 

4. Multiple fractures, to allow the treatment of other fractures by traction. 

5. Pelvic fractures with disruption of the symphysis pubis. 

6. Anthrodesis where immobilisation in a cast is not adequate and internal 
fixation is not desirable. 

7. Lengthening of a timb. Progressive daily distraction is possible, 

8. Plastic surgical procedures, such as cross-leg flap grafts where temporary 
reliable fixation of the limbs is needed. ` 

9. Failure of union following a fracture or osteotomy, especially if the 
overlying skin is unhealthy. 

10. Infected fractures, 


CONTRA-INDICATIONS TO THE USE OF 
EXTERNAL SKELETAL FIXATION 


1. Very soft osteoporotic bone. ee 

2. Where the bony fragments are too small to securely accept 
sufficient pins. 

3. Infected lesions at the sites where the pins would have to be 
inserted. 

4, Situations where it would be impossible to keep the patient 
under regular supervision, 

5. When the surgeon is not familiar with the equipment or the 
method of application. 


- 


CHOICE OF EXTERNAL SKELETAL FIXATION 
SYSTEM 


Unfortunately it is not yet known with what degree of rigidity a fractured bone 
should be held to obtain optimal union. 

Union of a fracture occurs by a series of processes, each of which is controtled 
in a different way by environmental factors (McKibbin, 1978). Initially there is a 
short-lived primary callus’ response, which appears to be a fundamental reaction 
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of bone to injury and which does not seem to be influenced by either movement 
or total rigidity at the fracture site. Following this initial response, is the phase in 
which bridging external callus is formed. This phase, which also will nor 
continue indefinitely, is rapid, appears to depend upon the recruitment of cells 
from the surrounding tissues, and may be suppressed by rigid immobilisation of 
the fracture, I bridging of the fracture is achieved, remodelling will occur in 
association with a further phase of bate medullary callus formation. This process 
is slow and appears to be assisted by immobilisation. Ita fracture is treated by 
rigid internal fixation, the formation of external bridging callus is suppressed 
(Anderson, 1965) and- union occurs by the formation of medullary catlus and 
primary bone union. 2 

Sarmiento and Latta (1981) found that external bridging callus did not forim 
saiisfactorily in response to the functional bracing of tibial fractures ualess the 
brace was applied within six weeks of the fracture occurring. 

Hicks (1977) however hus shown that to obtain bony union in cases of delayed 
union and non-union of the hypertrophic type, more rigid fixation is required. 

The. choice of which system of external skeletal fixatian to use depends upon 
the type available and the complexity and site of the bony and soft tissue injury. 
Generally the simpler the injury to be treated, the simpler the system can be. 
What is important is that if the system used initially is very rigid, then this 
rigidity must be decreased tater to encourage bony union, perhaps being replaced 
by a functional cast brace. 

Most systems are designed primarily for use in the management of fractures of 
the tibia, but some are more versatile and can be used in the management of 
fractures òf the femur, pelvis and upper limbs. Recently, what have been termed 
Mini systems have been introduced for use with fractures of the clavicle, 
metacarpals, phalanges and metatarsals. it is very important that the challenge of 
the application of an external skeletal fixation system to a fracture is not allowed 
to obscure the possibility that a safer and simpler method of treating that fracture 
may exist, : 

Described below are three of the large variety of external skeletal fixation 
sysiems which are available commercially. 


Portsmouth external fixation bar (Denham external fixation 
compression*) 


This device (Fig. 16.2), designed primarily for use in the management of 
complicated fractures of the tibia (Edge and Denham, 1979, 1981) consists of a 
single threaded steel bar. Self-tapping halfpins with continuous thread are 
inserted into previously drilled holes in the subcutaneous antero-medial surface 
of the tibia, three above and three below the fracture. The pins are fixed to 
carriages on the bar by acrylic bone cement (two packets to each Carriage). One of 
the carriages is mobile, its position on the bar being governed by locking nuts. 
The pins in each group at either end of the bar do not have to be parallel. The 
two groups of pins can be distracted or approximated bul Cannot be angulated or 
rotated relative to each other once the cement has hardened. I is therefore very 


240 TRACTION AND ORTHOPAEDIC APPLIANCES 


Locking Nut 


= 
= 
= 
= 
Z 
= 
= 
= 
= 
= 
= 
= 
= 
= 


Methylmethacrylate Cement 


oe 


Insulated Carriage 
Moves on Threaded Bar 


Threaded Bar 


Fixed Insulated Carriage 


Continuous Threaded 
Hall Pins 


Fig. 16.2 Portsmouth external fixation bar (Denham external fixation compression).* 


important to try and obtain, by open operation if necessary, as accurate a 
reduction of the bony fragments as possible, before cementing the pins to the 
carriages. Obtaining a good seduction is helped by cementing only one group of 
pins at a time. Compression is then applied by tightening the appropriate locking 


nut. 
A further development of this system utilizes a bar in which there is a lockable 


universal joint (Fig. 16.3). This enables the position of the bony fragments to be 
adjusted after the acrylic cement has hardened. 


Universal Day frame* 


This system (Fig. 16.4) also is designed for use in the management of fractures of 
the tibia. Two or more transfixing pins are driven through the bone and sc‘ 
tissues above and below the fracture site. The pins in each group are parallel. 
Clamps are attached to both ends of each group of transfixing pins. Two 
horizontal bars, one on each side of the limb, are attached to the clamps by 
universal joints. This system allows adjustment of the position of the fracture in 
all three planes. Compression or distraction can be applied. 


Hoffmann external fixation system* 


The Hoffman external fixation system (Fig. 16.5) is very versatile. Half-pins or 
transfixing pins, cither alone or in combination, can bė used, but the pins in each 
group must be parallel. Each major component of the frame can be adjusted in 
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Fig. 16.4 Universal Day frame. 
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all three planes, with the result that the frame can be loosely assembled before 
the fracture is reduced, and then tightened. The frame can be constructed in 
different ways to enable complex fractures as well as fractures of the femur, 
pelvis and upper limb, to be managed. a 5 

When the two groups of transfixing pins are connected by two longitudinal 
adjustable bars on each side of the limb, the double frame produced is called a 
Vidal frame. As the Vidal frame is extremely rigid, it must be reduced in size as 
soon as possible to decrease this rigidity and thus encourage union of the 
fracture. 

The use of the Hoffman system in the treatment of fractures of the upper and 
lower limbs and the pelvis is extensively described by Connes (1977). * 


APPLICATION OF EXTERNAL SKELETAL 
FIXATION 


It is not intended to describe in detail the application of any one 
particular method of external skeletal fixation. Attention to 
detail however is important if the method is to succeed. Certain 
factors must be taken into consideration before any particular 
system is chosen. Careful technique must be used during the 
application of the chosen system. Close observation of the limb, 
fracture, pins and frame is essential after application. 
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—~ Obtain good quality radiographs to enable an accurate: 
assessment of the extent of the fracture to be made. In:5- 
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‘ — Attach suspension cords. to the frame, so that the affected 


— Apply compresslon across the fracture site if the 
configuration of the fracture will allow it. Compression will 
promote union (Dwyer, 1973}. 

— If a-limb is being lengthened, the pins and frame must be 
secure before the bone is divided. Distraction can then 
proceed without risk of deformity. 

— Dress the pin sites and check that all the clamps and nuts are 
tight. 

— Cover the sharp ends pi the transfixing po, with plastic or 
metal caps. -, 


Post-operatlve cara: 


The limb and the abcaranie ai be examined daily. 

— Check that the skin araund the pins Is nelther inflamed nor 
under tension. The latter can cause skin necrosis and 
infection. With timb lengthening or a major change in the 
position of a fracture, the skin may have to be incised and 
resutured, under local anaesthesia, at the entry and: exit sites 
of the pins. 

— All clamps and nuts must be tight. A proper fitting spanner 
must be available. š 

— The sharp tips of the transfixing pins must be douse at all 
times, to prevent damage to the other limbs and the nursing 
staff. 

- Any pins which become loose or infected must be removed 
promptly. i: : 

— The position of thë bony fragments. mus be checked * 
. regularly with radiographs,’ and their position altered as. wt 

_ necessary by adjusting the frame where this is passible: 


limb is elevated. This will help to reduce swelling and will \ 
also avoid the tissues of the calf, for example, ‘being pressed, a 
against the pins. .. wore a paid. wee $ 

— if external skeletal fixation i is -used tor fractures of the tibia,” aes 
attach some form of sling or drop-foot platform to the frame i4; 
to prevent the davelopment of a fixed equinus deformity of 
` the ankle joint. Rubber shock cord tuggage straps are usel 
for this. Sidi: oa is 

— On the day after application: of the device, ‘encourage the! 
patient to start exercising all the olme: oF the altered limb as: 
much as possible. - Hi chatty 

— Keep the patient on bed rest until any skin Wounds Have 
healed, after which mobilisation non welght- bearing with’ 
crutches can begin. . 
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— When radiographs show the presence of callus, partial 
weight-bearing can be allowed. 

— When it appears that the fracture may be united 
radiographically, loosen the frame and check the condition of 


union clinically. j 
— Advise partial weight-bearing for the first 1-2 weeks after 


removal cf the external fixation device. 


COMPLICATIONS OF EXTERNAL SKELETAL 
FIXATION 


1. Infection of skin wounds. This is more likely to occur if the 
initial incision in the skin before the insertion of the pins, was 
t20 small, or puckering of the skin around a pin has occurred. 

2. Infection of bone. This can occur either from loosening of the 
pins, or failure to obtain rigid fixation of the bony fragments 
in an open fracture. 

3. Development of joint stiffness. This is most likely to occur at 
the ankle joint, especially if transfixing pins are used in the 
lower end of the tibia. Clawing of the toes and stiffness of 

- the fingers can occur after transmetatarsal or transmetacarpal 


location of pins. 
4. Damage t to blood vessels, nerves or tendons by transfixing 


kd 


pins. 
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Walking aids 


Walking aids are used to increase the mobility of a-patient, as they enable some of 
the body weight to be supported by the upper limbs. There are many different 
walking aids — parallel bars, walking frames, crutches and sticks — and many 
different types within each broad group. The correct selection of a walking aid 
for a particular patient is very important and depends upon: 


1. Stability of the patient. 

2. Strength of the patient’s upper and lower limbs. 

3. Degree of coordination of moyement of the upper and lower limbs. * 
4. Degree of relief from weight-bearing required. 


These aids may be sufficient in themselves or they may have to be used in 
conjunction with calipers or other orthopaedic appliances. 

As the condition of the patient improves he may progress through the different 
types of walking aids. Whether or not the ultimate aim of walking unaided is 
achieved will depend upon the degree of any permanent residual disability. 

After a prolonged illness, many patients are generally weak. This can be 
minimised by good nutrition and a well planned progressive course of exercises. 
When a walking aid is used, part of the body weight is taken by the muscles of 
the shoulder girdles and upper limbs. Attention may have to be paid to the 
strength of these muscles when planning the rehabilitation of the patient. The 


particular muscles used are: 


1. Flexors of the fingers and thumb to hold the handgrips firmly. 

2. Dorsiflexors of the wrist to stabilise the wrist in dorsiflexion, thereby 
obtaining the best functional position for powerful finger flexion. 

3. Extensors of the elbow to stabilise the elbow in slight flexion when the body 

weight is taken through the upper limb. 

Flexors of the shoulder to move the walking aid forward. 

5. Depressors of the shoulder girdle to support the body weight. 


> 


To regain confidence in walking takes time. When walking is commenced it is 
therefore important to eliminate the fear of falling and to avoid too rapid 
progression. 
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PARALLEL BARS 


` 

Parallel bars are rigid and do not have to be moved by the patient. This enables 
the patient to concentrate entirely on moving his lowef limbs correctly. For this 
reason parallel bars are often used when the patient is not stable, or initially to 
develop a particular pattern of gait, the patient Being taught the correct sequence 
of arm and lower limb movement. . 

A full-length mirror should be placed at one end of the parallel bars. In it the 
patient can observe his movements and thus avoid looking at his feet, a common 

mistake made when any type of walking aid is used initially. A mirror is 
particularly helpful if the patient has lost proprioception, , 

Adjustment. Some parallel bars are not adjustable. If they are, adjust the 
distance between the bars and the height of the bars so that when they are held 
by the patient his elbows are in 30 degrees of flexion. 


WALKING-FRAMES 


A patient is not usually given a walking-frame unless he will never be able to 
walk with walking-sticks, tripods or crutches, as the pattern of gait acquired in a 
walking-frame is difficult to change. Moreover, a patient who uses a walking- 
frame is usually confined to his home, and is unable to manage stairs. If parallel 
bars are not available, however, a walking-frame is very useful initially when a 
patient is unstable and fearful of falling. 

There are three main types of walking-frame: the standard walking-frame, the 
reciprocal walking-frame and the rollator. The first two aré usually used for 
elderly patients who lack confidence in walking and are unsteady. Walking with 
full or partial weight bearing is possible. The rollator js usually reserved for 
patients suffering from neurological conditions, such as disseminated sclerosis, 
with incoordination of the lower limbs. 


Standard walking-frame 


The standard walking-frame (Fig. 17.1) is light, rigid, stable and easy to use. It 
consists of four almost vertical aluminium alloy tubes artanged in a rectangle, 
and joined together on three sides by upper and lower horizontal tubes. Onc long \ 


Fig. 17.1 Standard walking-frame. 
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side of the rectangle is left open. The lower ends of the vertical tubes, which may 
be adjustable by means of spring-loaded double ball catches, are fitted with 
rubber tips. Hand-grips are fitted to the short, upper, horizontal tubes on cach 
sides «>. 

Adjustment. If the frame is adjustable, alter the height of all the vertical 
tubes, and ensure that they are all of equal length, so that when the handgrips are 
held by the patient, the paticnt’s elbows are in 30 degrees of flexion. Patients 
with incoordination of the lower limbs aid find walking easier if the handgrips 
are higher. 

How to use. The patient dente’ in the walking-frame, lifts and places the 
frame forward a short distance and then walks up to the fane still holding the 
handgrips. 


Gutter frame (forearm walker)* 


The main structure of the gutter frame (Fig. 17.2) is the same_as that of the 
standard walking frame except that the top is modified by the addition of two 


Fig. 17.2 Gutter frame. 


gutters in which the patient’s forearms rest. The patient takes most of his weight 
through the forearms. The hands grasp vertical handles to lift and turn the 
frame. The forearms may be secured in the gutters with light Velcro straps. 

This type of frame is useful when the patient cannot extend his elbows fully or 
is unable to take his full weight through his hands because of weakness, 
deformity or the presence of a plaster cast. 

The patient must be able to abduct his shoulders to 30 degrees with the 
forearms parallel to the floor, and must have sufficient dexterity to be able to slip 
one hand out of its strap and release the other forearm. 

Adjustment. Adjust as for the standard walking-frame. 

*See Appendix. s 
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Pulpit frame (Atas adjustable standing aid)* 


The pulpit frame (Fig. 17.3) has limited application. It has the same basic shape 
as the standard walking frame, but it is wider and higher. The top of the frame 
consists of a padded U-shaped ledge which reaches the height of the lower part of 
the chest. The patient lifts the frame a short distu.ice forward and then leans on 
the padded ledge while stepping forwards. 


Fig. 17.3 Pulpit frame. 


It ig used by patients with deformity or weakness of the whole upper limb; 
with weak trunk muscles or ataxia; for standing practice by those who are unable 
to walk; and for those who tend’to fall backwards when trying to walk with an 
ordinary walking frame, as it encourages forward flexion of the trunk. 

Adjustment. Adjust as for the standard walking-frame. 


Reciprocal walking-frame 
A reciprocal walking-frame is basically identical with a standard frame, except 
that each side of the frame can be moved forward aiternately. There are swivel 
joints between the front horizontal and vertical tubes. As the frame does not have 
to be lifted clear of the ground with each step, the patient’s stability is increased. 
Adjustment. Adjust as for the standard walking-frame. 
How to use. A four-point gait is used (see Ch. 18). One side of the frame is' 
lifted and moved forward, the two legs of the other side remaining in contact 
with the ground. 


Rollator 

A rollator (Fig. 17.4) has two small wheels at the front and two short legs at the 

back, protected by rubber tips. The rear legs are almost vertically under the 

handgrips. Care must be taken when recommending a rollator for elderly 

patients as it may roll too far forward so that they lose their balance. 
Adjustment. Adjust as for the standard walking-frame. 


*Sce Appendix. 
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Fig. 17.4 Rollator. 


How to usc. The patient holds the handgrips, lifts them to raise the rear legs 
just off the ground, wheels the rollator forward a short distance, lowers the rear 
legs onto the ground and then walks forward into the rollator still holding the 


handgrips. 


CRUTCHES 


There are three main types of crutches, axillary or underarm crutches, elbow 
crutches and gutter crutches, š 


g 


Axillary crutches 
The common axillary crutches (Fig. 17.5) are made of wood. They consist of a 


double upright joined at the top by a padded axillary portion, a handgrip, and a 
non-slip rubber tip covering the lower end. The overall length of the crutch and 


O 
Fig. 17.5 Axillary, elbow and gutter crutches. 
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the position of the hand-grip should be adjustabic. By using adjustable crutches, 
it is easier to fit each individual patient correctly, and the possible waste of 
cutting nonadjustable crutches to the correct size, is avoided. 

When triceps weakness is present, support can be provided by attaching to the 
outer side of the crutch, above the level of the handgrip, a half-loop band 
between the double upright through which the upper arm is placed, or a short 
metal gutter piece to the posterior upright against which the upper arm is 
pressed backwards, 

All degrees of weight reticf are possible with axillary crutches. Usually they are 
used when crutch walking is commenced initially and when non-weight bearing 
on one lower limb is indicated, for example after a fracture. Although more 
cumbersome than elbow crutches, they are more stable. The patient can release a 
handgrip and use that hand to open a door or adjust his clothing, while 
continuing to support himself. This is important when the patient’s balance is 
poor. 


METHODS OF INITIAL MEASUREMENT OF LENGTH FOR 
AXILLARY CRUTCHES 
It is necessary to be able to obtain some initial indication of the overall length of 
the crutches required by a particular patient. This measurement should be as 
accurate as possible. Final adjustment of the crutches for overall length and 
position of the handgrip, however, must be carried out with the patient standing 
and wearing shoes. 

There are many methods of obtaining such a measurement. Beckwith (1965) 
states that the following two methods of measuring patients for axillary crutches 


are the most accurate. 
1. Subtract 16 inches (41.0 cm) from the height of the patient, or 
2. With the patient lying supine, measure the distance from the anterior axillary 
fold to the botrom edge of the heel of the shoe. 
The measurement obtained with these two methods equals the overall length 
of the crutch from the top of the axillary pad to the bottom of the rubber up. 


"ADJUSTMENT OF AXILLARY CRUTCHES - 


The overall length and the position of the handgrip must be © 

~ correct for each patient. . F 

When walking with crutches, patients wear shoes and the 

height of tha heel will vary from patient to patient. With the 
patient standing up straight, the axillary crutches extend from a 
point 2 inches (5.0 cm) or three finger breadths below the 
anterior axillary fold, to a point on the ground 6 inches (15.0 
cm):in front of and latera! to the tips of the toes. The shoulders 
are. ‘depressed and the palms of the hands rest on top of the 

. ‘ handgrips with the, albows in 30 degrees of flexion (see Crutch 
-Stagce, Ch, NGI oes tote i ee 


Deere eer Se es = oe eee 
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Adjustment must be carried out with the patient standing and 

wearing shoes. 

— Place a crutch under each arm. 

— Check that the palms of the hands are on top of the 
handgrips. 

— Place the tips of the crutches on the ground 6 inches (15.0 
cm) in front of and lateral to the tips of the toes. 

~ Ask the patient to stand up Straight and to relax his | 
shoulders. 


2. 

Checking overall length 

— Attempt to insert three fingers bidtWeen the axillary pad and 
the anterior axillary fold. 
Too long — Less than three fingers can ba inserted between 
the axillary pad and the anterior axillary fold. The crutches 
are forced into the axilla, the shoulders are hunched and the 
patient is unable to lift his body off the ground. Pressure on 
the nerves in the axilla may cause paralysis. 
Too short — More than three fingers can be inserted between 
the axillary pad and the anterior axillary fold. The patient 
leans forward from the waist, his buttocks project backwards 
and the line of his centre of gravity passes down in front of. 
his feet. This position is potentially unstable. It could be 
corrected and the pelvis brought forward by maintaining 
some degree of hip and knee flexion. This must not be done 
as it is tiring and may hinder crutch walking. 


To adjust the length of the crutch Ge : 
— Take off the bottom two wing nuts and remove fe bolts. 
— Slide the crutch extension to the correct length. 

— Replace the bolts and wing nuts, but do not tighten the wing 
nuts at this stage, otherwise it will be impossible to move the 
handgrip. i : gas a 

— Check ane overall length of ‘the crutch again. 

te cen 


Checking the position of the Kandas a ie 
With the shoulder depressed and the palm f the ade on “top 
of the handgrip, the elbow should be in 30 dagrees of flexion. 
Too high — The elbows are flexed more than 30 degrees, the 
shoulders are hunched and the ability ta grip the axillary pad 
between the upper arm and the side wall of the chest is lost. 
Too low — The palms of the hands do not rest on top of the- ~ 
handgrips, the axillary pad presses into the axilla, the elbows 
are flexed less than 30 degrees ang the ability to take weight 
on the hands is lost. 
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To adjust the position of the handgrip, 

— Remove the uppermost wing. nut and bolt. 

— Move the handgrip to the correct position. 

— Replace the bolt and wing nut. 

— Check that the elbow is in 30 degrees of flexion. 

— Tighten ali the wing nuts. 
Note: The axillary pad must be gripped between the upper 
arm and the side wall of the chest. The patient must not lean 
on the axillary pad otherwise paralysis may occur from 
Pressure of the axillary pad on the nerves in the axilla: 


Elbow crutches (Loftstrand crutches) 

Most etbow crutches are made from a single adjustable tube of aluminium alloy 
to which are attached a U-shaped metal cuff (armband), to accommodate the 
forearm just below the elbow, and a cubber or plastic covered handgrip. The 
lower end is protected by a rubber tip (Fig. 17.5). 

The armband is made usually from spring stecl. It grips the forearm, thus 
enabling the crutch to be controlled when freedom of hand movement is 
required. The armband may have a front or side opening and may be fixed 
rigidly or be attached by a hinge joint to the upper end of the crutch. Armbands 
which are not made [rom spring stecl and are rigidly fixed to the upper end of the 
ceutch can be obtained also. Occasionally for young childcen the armband is 
replaced by a padded ring. 

Adjusunent of the length of the crutch between the lower end and the 
handgrip is by means of a spring-loaded double-ball catch, and this mechanism is 
also used in some crutches to vary the distance between the handgrip and the 
armband, > 

Heavy duty elbow crutches, made from stainless steel tubing, are avaitable, 
and are to be preferred for those patients who for several weeks can only take 
weight through one lower limb. 

Elbow crutches are less cumbersome, and confer less stability than axillary 
crutches, but are more stable than walking-sticks, They are prescribed for 
patients who can take some weight on both feet but require an aid for balance 
and confidence, for example when partial weight bearing with the three-point 
crutch gait, the four-point crutch gait or the two-point crutch gait (see Chapter 
18). Some patients with paraplegia, who have unusual skill, strength, 
coordination and balance, may be able to use elbow crutches with the swing- 


through gait. 


ADJUSTMENT OF ELBOW CRUTCHES 


Elbow crutches must be accurately adjusted for each patient. 
Adjustment must be carried out with the patient standing and 
wearing shoes. 

` When elbow crutches are aijusted correctly the tips of the 
crutches are on the ground 6 inches (15.0 cm) in front of and ` 
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lateral to the tips of the toes and the patient is standing up 
Straight, with his shoulders depressed and his elbows in 30 
‘©’ degrees of flexion. 

— Ask the patient to put his. arms through the armbands and to 
grasp the handgrips. 

— Check that the palms of the hands are on top of the 
handgrips. 

~- Place the tips of the crutches on the odii, 6 inches (15.0 
cm} In front of and lateral to the tips ot tho toes. l 

— Ask the patient to stand up straight and to relax his 
shoulders. 


Checking overall length = os 
Too long — The shoulder is hunched and the elbow | is flexed 
more than 30 degrees. 

Too short — The patient is leaning forwards and he elbow is 
floxed Jess than 30 degrees. 2 


To adjust the length of the crutch ae = 

— Disengage the spring-loaded double- ball catch iby pressing in 
both buttons. 

— Slightly twist the lower part of the crutch so that ajour half ` 

- of each button is visible. «© `- s he : 

— Slide the lower part of the crutch to the desired position. - 

— Twist back the lower part of the crutch to allow both buttons 
of the ball catch'to jump out. i" 

“— Check that the lower part of the crutch i is s firmly locked in the 
new position. i 

— Check the overall length of the crutch again. 


DOEN 


: ” Checking the position of the ‘armband . 


UN ese The, Position of the ‘armband i is correct’ n 
SETLI 


Gutter crutches 


A gutter crutch (Fig. 17.5) consists of + single adjustable tube of aluminium 
alloy. Attached to the upper end is a short horizontal metal gutter or trough in 
which the forearm rests with the elbow in 90 degrees of flexion. Projecting 
forward from the gutter is an adjustable bar carrying a vertical handgrip. The 
gutter, which may be padded, is secured to the forearm by Velcro fastenings. On 
some crutches the angle between the gutter and the alloy tube and the position of 
rotation of the handgrip in relation to the gutter, may be adjusted. The lower end 
of the crutch is protected by a rubber tip. Adjustment of length is by means of 
spring-loaded double-ball catch. 
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Gutter crutches are indicated when there is a fixed flexion deformity of the 
elbow joint, weakness of the muscles controlling the elbow joint or hand, a 
deformity of the hand causing difliculty-in gripping, of when the patient 
experiences pain in the hand or wrist on taking weight through the upper limb. 

\ 


ADJUSTMENT OF GUTTER CRUTCHES 


— Strap the forearm into the gutter so that the point of the 
elbow lies at or just behind the posterior edge of the gutter. 

— Adjust the distance between the front of the gutter and the 
handgrip, so that the handgrip can be grasped firmly. If 
rotatory adjustmen: af the handgrip in relation to the gutter is 
possible, adjust. A 

— Ask the patient to stand up as straight as possible. 

— Place the tip of the crutch on the ground 8 inches (15.0 cm) 
in front of and lateral to the tips of the toes. 

— Adjust the height of the crutch by means of the spring-loaded 
double-ball catch so that the elbow is in 90 degrees of 
flexion. If the patient is unable to flex his elbow to 90 

: degrees, then a crutch in which the angle between the gutter 
and the crutch can be adjusted is required. 


WALKING-STICKS 


The commonly used walking-stick is made of wood, with a C-curved handle; a 
right-angled or pistol-grip handle is also available and may be preferred by the 
patient. A rubber tip protects the lower end. Adjustable sticks made trom 
aluminium alloy tubing with rubber or moulded plastic handgrips can be 
obtained. 

Walking-sticks are not as stable as elbow crutches, but are lighter and more 
easily stored. They assist balance and provide moderate support for a lower Limb, 
and thus can improve gait and help to relieve pain, for example from a painful 
hip. Walking-sticks are not used unless the disabled lower limb can bear weight. 


CHOOSING THE CORRECT WALKING-STICK . 


A patieat when using a walking-stick should have his elbows in 30 degrees of 


flexion. 
Too long an The shoulder is elevated, the elbow is flexed more than 30 degrees, 
ulnar deviation of the wrist is increased unless the grip on the handle is changed 


and support is decreased, 
Too short — The patient leans forward and the elbow is Mexed less than 30 


degrees. 
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ADJUSTMENT OF WALKING-STICKS 


-Place the handle of the walking-stick on the ground beside 
the heel of the patient’s shoe. 

— Remove the rubber tip. 

— Adjust the length of the walking-stick so that its (lower) end 
is level with the most prominent part of the greater 
trochanter or radial styloid process. 

— Replace the rubber tip. 

— Reverse the walking-stick and check that the patient's elbow 
is in 30 degrees of flexion. 


TRIPOD AND QUADRUPED WALKING AIDS 


These walking aids are similar. ia are made from aluminium alloy or steel 
tubing. 


Tripod walking aid (Fig. 17.6) 


This has three rubber-tipped legs which touch the ground at the corners of an 
equilateral triangle. The looped or right-angled handgrip lies in the same,plane 
as a line joining two of the legs. The height of the handgrip can be adjusted. 


Fig. 17.6 Tripod walking aid. 


Quadruped walking aid 


This has four rubber-tipped legs. The handgrip lies vertically above the two 
inner legs, which are more widely spaced than the two outer legs. The height of 
the handgrip is adjustable. 

The tripod and quadruped walking aids, which may be used singly or in pairs, 
confer more stability than walking-sticks or clbow crutches. They cannot pivot 
forwards and must be lifted and placed in a forward position. This requires more 
strength in the upper limbs than would be required for walking-sticks or 


WALKING AIDS 257 


crutches. Usually they are reserved for patienis suffering from neurological 
conditions, but they may be used in the rehabilitation of elderly patients who 
have sustained injury to their lower limbs. These walking aids have one 
particular advantage over walking-sticks and crutches; they will stand upright 
beside a bed or a chair, ready for use. 


‘ADJUSTMENT OF TRIPOD OR QUADRUPED 
WALKING AIDS 


— Place the walking aid beside the patient, and ask him to take 
hold of the handgrip. 

— Check that the aid is correctly orientated. The handgrip must 
lie vertically above the two legs which are nearest to and 
parallel to the patient’s foot (Fig. 17.7). If the aid is 
positioned incorrectly, the patient will trip over the legs of the 
aid which lie, or will come to lie with use, in front of the 
patient’s foot. 


Fig. 17.7 Correct orientation of tripod walking aid. Note that the handgrip must lie vertically 
above the two legs of the walking aid which are nearest to and parallel to the patient's foot. 


= - Check that the palm of the hand lies on top of the handgrip. 
— Check that the handgrip is at the correct height. 
„Too high — the patient's elbow is flexed more than 30 
“degrees, 
Too low — the patient’ s elbow is flexed less than 30 
~ degrees. a 


To adjust the height of the await. 
— Loosen the adjusting screw or disengage the spring-loaded 
_ double-ball catch. 
- = Ralse or lower the handgrip to the correct level. 
— Tighten the adjusting screw or ensure that the two buttons of 
the ball catch are engaged. 
— Check that the handgrip lies parallel to the line joining the 
two inner legs. 
— Push down yourself on the handgrip to ensure that the aid 
will not collapse. 
— Check again that the handgrip is at the correct height. 


258 TRACTION AND ORTHOPAEDIC APPLIANCES 


HANDGRIPS 


The handgrips of all walking aids can be modified to accommodate a stiff or 
deformed hand. The girth of a handgrip can be increased by wrapping lengths of 
orthopaedic felt or sponge rubber around it. For a deformed hand, such as may 
occur in rheumatoid arthritis, a mould of the grip of that hand can be taken in 
Plastazote* and later be transferred tq the handgrip of the appliance. 


RUBBER TIPS 


The suction-type tip is best for crutches (Fig. 17.8). It is flexible and the sides of 
the tip flare out slightly. There are concentric rubber rings on the undersurface, 


Fig. 17.8 Cross-section of a rubber suction tip. 


with the outermost ring projecting slightly beyond the other rings. On 3 wet 
surface these concentric rings exert a suction-cup effect. The Mexibility of the tip 
and the suction-cup effect ensure that the undersurface of the tip comes into 
uniform contact with the ground even when the walking-stick or crutch is 
inclined at a slight angle from the vertical. 

Worn tips are dangerous. They are likely to slip. They must be replaced. 
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Crutch walking 


The function of crutches is to prevent weight-bearing (Perkins, 1970). The 
majority of patients approach crutch walking with some apprehension, and the 
alder and the more disabled the patient, the greater the apprehension. Sometimes 
crutches are needed only temporarily; at other times their need is permanent. 
The patient’s ability to use crutches efficiently and perhaps eventually to walk, 


unaided depends upon a number of factors. 
1. The strength of the muscles required in the use of crutches (see Ch. 17). 
2. The correct selection and adjustment of the crutches (see Ch. 17). 


3.A good sense of balance. - 
4, Familiarity with the crutches and their maintenance. 


5. The correct crutch stance. ? 
6. Instruction in how to stand and balance with crutches before taking any 
steps. 


7. The pattern'of gait employed. 

8. The energy necessary for the pattern of gait employed. 

9. The initial development of the gait pattern between parallel bars if 
necessary, ° 

10. Instruction and practice in walking and the performance of various 
manoeuvres essential for daily living, with the crutches. 


CRUTCH MAINTENANCE 


1. The wood or metal must not be cracked. 

2. All the adjusting nuts must be tight, and all the spring-loaded double-ball 
catches must be working. 

3. The rubber tips must be in good condition. If the tip is badly worn it 
must be replaced. 

4. The handgrips and axillary pads if present, must be in good condition. 
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CRUTCH STANCE — AXILLARY CRUTCHES 


Before taking any steps with the crutches, the patient must be instructed in how 
to stand and balance with them, This is achieved by standing the patient against 
a wall and placing a crutch under each arm. The correct stance with crutches is 
in a position with the head up, the back straight with the pelvis over the feet as 
much as possible, the shoulders depressed nat hunched: the axillary pads of the 
crutches gripped between the upper arms and the side walls of the chest 2 inches 
(5.0 cm) below the anterior axillary fold, the crutch tips 6 inches (15.0 cm) 
forward and 6 inches ($5.0 em) out from the tips of the toes, the pals of the 
hands on top of the handgrips, the body weight taken mainly on the hands, and 
the elbows in a position of 30 degrees of flexion. 

The correct crutch stance with elbow or gutter crutches is basically the same. 


CRUTCH WALKING — PATTERNS OF GAIT 


There are four different patterns of gait: 


1.. Swinging crutch gaits. 

2. Four-point crutch gait. 

3. Two-point crutch gait, ' 
4. Three-point crutch gait. 


The patterns of gait employed with crutches dilier in the combination of 
cmitch and foot or crutches and feet movements used in taking steps, and in the 
sequence of such combinations. l 

To select the pattern of gait to be employed by a particular patient, the 
following must be evaluated — the ability of the patient to step forward with 
either one or both feet; to bear weight and keep his baJance on one or both lower 
limbs; to push his body off the ground by pressing down on both crutches; to 
maintain his body erect; to control the crutches; and the increased expenditure of 
energy required with all assisted gaits. 

The two-point and the three point partial weight-bearing gaits using crutches 
(either axillary or elbow) or walking sticks, require 33% more energy than ` 
normal walking, whereas about 78% more energy is required by the three-point 
non-weight bearing and swing-through gaits {McBeath et al, 1974). 

The pattern of gait which is selected Should be as near normal as possible, 
consistent with the patient's condition, ft is important to remember that walking 
aids are used to increase the patient's mobility. Each patient must be encouraged 
to walk even ifhe docs not use a recognised pattern of gait. Any mobility is better 
than immobility. 

It is impossible to teach any definite pattern of crutch walking to children 
under the age of five years, Children over the age of five can be taught but when 
they are alone they may not practise what they have been taught. 

A distance of 12 inches (30.0 cm) is advocated as the length of step and of 
forward movement of the crutches when the sequence of movement in the 
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different types of gait is -described. This distance is advocated in order lo 
emphasise that these forward Movements are small and equal. h is recognised 
that the length of step will vary with the height of the patient. It is important that 
any patient who js learning to use crutches should gain confidence as quickly as 
possible. Confidence will be pained more quickly ifthe initial steps are small. As 
confidence increases, the length of step can be inereased. When the ground is wet 
or slippery, short steps are advisable as slipping will be less likely to occur. 


SWINGING CRUTCH GAITS 


There are two types of swinging crutch gait, the swing-to crutch gait and the 
swing-through crutch gait. These gaits are used when the body weight can be 
taken through both lower limbs sogether but the patient is incapable of moving 
kis lower limbs individually due ta paralysis, Calipers are frequenily worn ite) 
stabilise the lower limbs. The Jower limbs are moved by the trunk muscles acting 
on the pelvis. 

The stable position is that ofa tripod, with a large triangular base and the apex 
at the shoulders. The two anterior legs of the tripod are formed by the backward 
and inward slanting crutches. The posterior leg of the tripod is formed by the 
trunk and lower limbs of the patient as he leans forward on the crutches. A 
patient, paralysed below the waist, is stable in this position provided thar Nexion 
contractures of the hip, knee, or ankle Joints are not present, the knees are braced 
in extension and the centre of gravity falls in front of the hip joints, to maintain 
them passively in extension. If the centre of gravity falls behind the hip joints, 
passive hip extension will be lost, the hips will flex and the patient will collapse. 
Before attempting to progress the’patient must practise standing in this position 
until he has acquired a sufficiently good sense of balance to give him confidence. 

In the swing-to crutch gait, the patient advances the crutches and then swings 
his body to the crutches. In the swing-through cruich gait the body is swung 
through beyond the crutches. 


l SWING-TO CRUTCH GAIT 


Crutch-foot sequence 
Both crutches; lift and swing the body to the crutches. 
! - 


The patient Is In the stable position . 

m Place both crutches forward together a short distance. 

— Take all the body weight on the hands and at the same time 
straighten the elbows to lift the body. 

— Swing both lower limbs forward together to between the 
crutches, arching the spine as the heels touch the ground 
first. : 

— Keep the spine arched and the hips well forward. This will 

. Maintain tbe hips and knees in extension and stabilise the 
lower limbs. 
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— Take the body weight on both feet. 
— Immediately place both crutches forward a distance of 12 
inches {30.0 cm) in front of the feet, to regain the stable 

‘*sposition. 
— Repeat the above. 


EFA 7 Erg -o enat e 
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Initially, patients may not have either the confidence or the power in the upper 
limbs or trunk to perform the swing-to crutch gait as described above. When this 
occurs, the patient is taught to hitch the crutches forward and then to slide, jerk 
or drag the feet forward together by a body muvement, while bearing down on 
the hand-grips and keeping the body inctined forward sufficiently to maintain 
the centre of gravity in front of the hip joints, As confidence and strength 
improve, the swing-to crutch gait will develop. 


SWING-THROUGH CRUTCH GAIT 


The swing-through crutch gait, although quicker than the swing-to crutch gait, 
must be attempted only when the patient’s balance is excellent. 


Crutch-foot sequence 


Both crutches; lift and swing the body beyond the crutches. 


The patient is In the stable position f 

— Place both crutches forward together a short distance. 

— Take all the body weighi on the hands and at the same 
time straighten the elbows to lift the Sody. 

— Swing both tower limbs forward together through the 
crutches, arching the spine as the heels touch the 
ground first, 12 inches (30. O cm) in iront of the 
crutches. z- 

— Keep hes spine arched ‘and the hips wall forward. 

— Take the body weight on both feet. The forward 
momentum brings the trunk and the crutches to the Se- 
erect position. 
— Immediately piace both crutches forward’ a distance of 
12 inches {30.0 cm) in front of the feet, to regain the, 
stable position. . paget . 

— Repeat the above. 


Ce Si ee ed 


FOUR-POINT CRUTCH GAIT 


The four-point crutch gait is used when all or part of the body weight can ‘be 
taken on each foot, but the patient is unsteady and therefore requires a wide base 
of support. As the patient’s balance improves, he may progress to the two-point 
. crutch gait. 
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. Crutch: foor sequence, 


Right Giutchy left: foot; left: “crutch; ‘Tight foot: - a 


The pationt Is standing on BOTH foot with a crutch unde È 
arm: SE ane a eee 


Teg 


$ part-of the _body: weight. on: the’ left. hand. ee Re a Bie 
‘= Place tha right crutch forward a distance of 12 Inches Boo. ae - 
ae Daley In front of the left crutch. . 


oruther the above, 
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TWO-POINT CRUTCH GAIT 


When the two-point crutch gait is used the amount of body weight taken on both 
feet is reduced, This type of gait is used when the patient's balance is good, some 
body weight can be taken through both lower limbs but both lower limbs are 
painful or weak. 


Í Crugeh Foot Veguence 


Fight crutch: and left foot’ t simultaneously; lett crutch and right . 


ee multaneously:. Huia, a eter tag ae: ast 


erm’ 
-~ - Place the right crutch and the left foot farward together a- 
„distance of 12 inches (30.0 cm}, taking part of the eer is t . 
nsjwgloht. on the:left foot. . .. 4: s 
af a ae left crutch and the ay foot forward togethers a: 


>va! Piet aie ` “te 


THREE-POINT CRUTCH GAIT 


By using the three-point crutch gait, the amount of body weight taken by q foot 
can vary from none to partial or full. The three-point crutch gait is commonly 
taught to orthopaedic patients who may have one painful or weak lower limb 
which cannot support the whole body weight, and one lower limb which can, 
Both erutches support the weaker lower limb, while the stronger limb takes the 
whole body weight without any support from the crutches. 

The sequence of movement of the crutches and the lower limbs in performing 
different functions is described below. 
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Crutch-foot sequence o ey 
Both crutches and the: ‘weaker lower limb 

b. a Batt Q . % 
lewigg limb. 43 A “Sea A he Sy TR ASAN JRS ta 
WALKING, NON-WEIGHT. BEARI ARI NG: 3 

Aa S > 
The patient i is standing í on his RIGHT foot with a crutch. under. ; Wigs 
. each arm: the LEFT foot,|s;\ off the: Ground by! hisy: Re 
. — Take all the body. weight on the- rightstootipingyiets: Abs? 8 
.. — Place. both crutches forward Toe, EARN 12. inches, 
- (30, O° cm). piy LA HE Doi 
— Carry. the left lower lint forward to: Fe og|tion, between: the tye: 
crutches with the left: foot. off the. grou idsrAsicénfidence 3 

incieases both crutches and the lett, Igi lit ib can, belt. 42: eae? 
`: advanced together: epee ‘ie Maui a ats 

— Take the body weight on ‘the ‘hails and: “att iel same time ' de 
_ carry the pelvis forward to between the, crutches, By this 7 <j iis: 
means the centre of gravity passes downwards ‘through a line. ~ 

“between the two crutches: ™ ` on HARAK E jg sotone pmi yi 

-+ :— Carry the right foot forward: and placeitlerr‘thie’ Spares iz siais ; 

5! inches (30.0 cm) in front of the crutctigs EDo:not fan: e APS 2 

p forwards. ` vinni “ate 


ia i M 


re a S Repeat tho sbovell 
By carrying the pelvis forward to a position between the crutches before the right 
foot leaves the ground, a more stable position is obtained as the pendular 
movement of the pelvis and lower limb is reduced and excess forward swing is 
avoided. 

When non-weight bearing in an above-knec plaster cast, it may be necessary to 
add a raise to the opposite shoe, especially if the knee is held extended, to ensure 
that the injured limb will clear the ground as it is brought forward. Ifa raise is 
not added, the injured limb will have to be carried in front of the body with the 
hip in slight flexion. To ensure non-weight bearing in young children it is 
essential to add a raise to the opposite shoe. 

When a lower limb is strong enough to take part of the body weight, that limb 
is placed on the ground ar the same-time as the two crutches. By this means part of 
the body weight is taken on the hands, and part through the lower limb. This is 
termed partial weight bearing. 


. GETTING UP_FROM.A, CHAIR n aas 


: :: Crutches; week LEFT loWwerlimb; +s! sie ; 
a Bring the heel of the ee foot back Ware 


~ 


tije 
der: ‘the 
mips seed 


ee are Testirig 
hpi gantro te 
RPS EAP AR IA 
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-  Withithe: ‘right hand, ji, the arm, of, the. chair as far: forward 


‘as ipossible. "73: Soi e ky es Bhs 
ws Ee dae of thè: ëi handorns of both érutches with the loteats 


“hands. 


AEC Jone wy font 


vot: thë’ ehair =" ahoni $ 3 ; 
— ‘Stand’ ‘up. by pushing’ sed’ witht ithe ont leg and bot £ 
arms; keeping the ‘left foot off the: ground. 
— Transfer. one crutch.to the right hand: 
- ~'Place?. the ‘crutches under the arms. 
+ Palise: merae as to ensure that balance has” been 


J obtéined..: weak wai sous Mies ae he 


When getting up from a wheelchair, check that the wheels are locked. 


SITTING’ DOWN: LIN: A CHAIR: 


canis, weak LEFT lower limb. ages 
- After, reaching the chair, check that the chair is stable 
particularly. applies to wheelchairs. 

— Turniround so that the back of the right. leg touches the front! 
5. 20h ithe’ Chait. This ‘aids balance. j ; 
— Takeithe: crutches from under Wiirt": 
ET rañsfer-thė: right. ‘crutch to the left hand. 

Ea Hold; ‘both crutches in the left hand. 

- Placer: ‘the’ tight hand on the arm of. the chair. 
— - Bend }forward slightly. . 

- ‘Gently; lower the body: ‘onto’ the chair. a, as 


This ; 


A 


STEPPING ‘UP A KERB OR. ‘STEP. 


using anchoa Ste "038 DA . fie ey 
"i ae > DA or ATER a? 
š Always step: up with the stronger lower ümb first. 


-weak LEFT lower limb.” <- Ae bs 
__— Appgo: pach the kerb...’ iis. rans 5 
= Pige athe ends of both crutches i in the angle formed. bytha, sy 3 
“kerbžand the road. : 
— Take’ the body weight on the hands, straighten the elbows- 
--andébarry the pelvis forward to between the crutches. `, 
—Liftithelright foot off the ‘ground and carry it upwards ae 
Morwards onto the kerb.: . ; Jin 
= - Straighten the ‘right knedi thereby třansierting the body Vs 
` : weight;on. to :the right foot.: AEAN 
— = Liftiboth: crutches up and carry. theimand ithe ‘left loy Jimb i 
forwards: in- preparation for the next step. toe wae EG 


266 TRACTION AND ORTHOPAEDIC APPLIANCES 


STEPPING DOWN A KERB OR STEP P 


~ The following method is used also when going down stairs 
using two crutches. 


Always step down with the crutches and the weaker lower limb 

together first. Crutches; weak LEFT lower limb. 

— Approach the edge of the kerb. 

— Take all the body weight on the right foot. 

— Place both crutches downwards and 12 inches (30.0 cm) ` 
forward on the road, bending the right knee and carrying the 
left lower limb forward at the same time. The higher the kerb, 
the greater the distance the crutches must be placed away 
from the kerb. 

— Take the body weight on both hands and carry the pelvis 
forward to between the crutches. 

— Lift the right foot off the ground and place it downwards and 
forwards on the road in front of the crutches, thus 
proceeding to the next step. 


ASCENDING STAIRS WITH A HANDRAIL 


Crutches; weak LEFT lower limb; handrail on the RIGHT. 

— Approach the bottom of the stairs. 

— Transfer the right crutch to the left hand. It is more 
convenient if tne transferred crutch is carried horizontally in 
the left hand. 

— Take a forward grip on the handrail with the right hand. 

— Without moving the left crutch, lift the body upwards and 
forwards with both hands and at the same time lift the right | 
foot upwards and forwards onto the first step. 

— Lift the left crutch up on to the same step. 

— Repeat the procedure until the top of the stairs is reached. 

— Transfer the second crutch back MOOS t we right arm before 
proceeding. , f, 

E vee n . ek 
If the handrail is on the left, the procedure is identical except that the left 

crutch js transferred to the right hand. Always step up with the stronger lower 

limb first. 


DESCENDING STAIRS WITH A HANDRAIL ` 


Crutches; weak LEFT lower limb; handrail on the RIGHT. 

— Approach the top of the stairs. 

— Transfer the right crutch to the left hand, holding the 
transferred crutch horizentally. i 
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— Place the right hand slightly forward,on the handrail. 

— Place the left crutch on the step below, bringing the laft \ 
lower limb forward at the same time. 

— Bend the right knee to bring the pelvis forward between the 
crutch and the right hand. 

— Take the body weight on the hands. 

— Lift the right foot off the ground and place it forwards and 
downwards on the same Step as the left crutch. 

— Repeat the procedure until the bottom of the stairs is 
reached. 7 ; 

— Transfer the second crutch back under the right arm before 
proceeding. 


If the handrail is on the left, the procedure is identical except that the left 
crutch is transferred to the right hand. Always step down with the crutch and the 
weaker lower limb first. 

Before a patient can be considered to be really efficient with crutches, he must 
be able to step backwards, forwards and sideways, and to walk on uneven 
surfaces and up and down inclines. 


WALKING-STICKS 


Walking-sticks can be used to decrease the amount of body weight taken through 
a lower limb during walking and therefore can compensate for muscle weakness 
and relieve pain. In addition the use of a walking-stick ar sticks can increase the 
stability and the confidence of a patient. 

Once a lower limb is strong enough to be able to take nearly all the body 
weight, two sticks can be substituted for crutches. The technique of walking 
with two sticks is the same as that described above for partial weight bearing with 
crutches, It is preferable to use two walking-sticks initially. If only one walking- 
stick is used, the patient will tend to lean towards the stick, to take a shorter 
stride on that side and to carry the opposite lower limb in abduction. This 
abnormal gait tends to persist after the walking-stick is abandoned. When a good 
technique using two walking-sticks has been achieved, one stick can be 
discarded. The single walking-stick is carried in the opposite hand to the affected 
lower limb. (Some patients, however, with a lesion of the knee or ankle, may gain 
more relief by holding the walking-stick in the ipsilateral hand.) For example, to 
obtain partial relief from weight bearing on the left foot, hold the walking-stick 
in the right hand, and place the left foot and the walking-stick forwards together 
at the same time. 

Increased stability and further relief from weight bearing can be obtained by 
bringing the hand inward to rest against the body in the cegion of the greater 
trochanter of the femur. 
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Tourniquets 


In many orthopaedic operations on the upper and lower limbs, a bloodless field 
is important as it aids the recognition of tissues, and eliminates delay and trauma 
caused by repeated swabbing. 

To provide a bloodless field, blood must be removed from the limb and then 
prevented from re-entering it. Elevation of the limb, and the reflex 
vasoconstriction which follows this, decreases the volume of blood within it, but 
more complete exsanguination can be achieved by actively squeezing the blood 
out of the limb. An Esmarch bandage is commonly used for this (see below). 
External pressure is applied at the root of the limb by a tourniquet, to occlude 
the afteries and veins and thereby prevent re-entry of blood. 


THE DEVELOPMENT OF TOURNIQUETS 


For centuries, a tightly constricting device has been applied around limbs to stop 


haemorrhage, especially during amputation. 
The term ‘tourniquet’ was coined by Petit in 1718, to describe the action of his i 


screw device (Fig. 19.1) to stop haemorrhage (Klenerman, 1962), but Lister was 
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Fig. 19.1 Petit type of toyrniquet. 
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the first surgeoh to employ it to provide a bloodless field for an operation other 
than amputation; the excision and arthrodesis of a tuberculous wrist joint (Lister, 
1909). However, he drained the limb of blood by elevation. 

In 1873, Johann von Esmarch, Professor of Surgery at Kiel and Surgeon 
General to the army, described the bandage which bears his name. It was Nat and 
woven from indiarubber. He used it to exsanguinate the limb, but prevented 
blood from re-entering by applying, around the limb, heavy rubber tubing 
fastened by a hook and brass chain. The Esmarch bandage later came to be used 
as 3 tourniquet as well as for exsanguination. Such use however, was associated 
with nerve palsies. “Vo try to prevent these palsies occurring, Harvey Cushing, in 
1904, invented the pneumatic tourniquet, developing it from the standard Riva- 
Rocci blood pressure apparatus. He described its use for cranioromies, but soon 
it was used for operations on limbs. 

The pneumatic cuff is the basis for all modern tourniquets. 


TYPES OF TOURNIQUET 


There are two main types of tourniquet, non-pneumatic and pneumatic. The 


later may be non-aulomatic or automatic, when there js a regulating mechanism 
to compensate for small leaks in the system. 


te 


NON-PNEUMATIC 


It is permissible only in exceptional circumstances to use a non-pneumatic 
tourniquet on an upper or lower limb. The danger with non-pneurmatic 
tourniquets, whether straps or rubber bandage, is that the pressure exerted by 
them on the underlying tissues is unknown. Middleton and Varian (197-4) have 
shown that with an Esmarch bandage, there is a linear increase in pressure with 
each turn of the bandage, with the result that the pressures under the bandage 
can reach 900 mm of mercury in adults and 1015 mm mercury in children. 

Only a few modern pneumatic cuffs can be sterilised. An Esmarch bandage can 
be autoclaved if it is rolled carefully with cloth between each layer. It is thus in 
sterile situations that an Esmarch bandage may have to be used as a tourniquet. 
The procedure detailed on page 280 must be followed very carefully. 


Digital tourniquets 


Tourniquets around fingers and toes are dangerous, as they may not be removed 
at the end of the operation. This particularly applies to finger cots and silastic 
rings (Smellie, 1962) which must never be used. The risk of using a digital 
tourniquet is reduced if a large artery clamp is used to sccure a large rubber 
catheter around the base of the finger or toe. An alternative safe tourniquet for a 


finger can be fashioned from a surgical glove as suggested by Karev (1979) (see 
below). 
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PNEUMATIC TOURNIQUETS 


The pneumatic cuffs used as tourniquets are based on the same physical 
principles as blood pressure cuffs but they are stronger, their fastenings are more 
secure and they usually have a stiff backing piece to maintain the effective width 
of the inflated cull. 


Non-automatic 


A non-automatic pneumatic tourniquet consists of a pneumatic cuff, a hand- 
operated pump and a pressure gauge. The pressure in the cuff is knowa but there 
is no automatic campensation for leaks in the system, and a regular check 
therefore must be kept on the pressure in the cuff, In addition the hand pump ts 
small and it may be difficult to rapidly raise the pressure above the patient's 
systolic blood pressure. This could result in venous engorgement ifan Esmarch 
bandage is not used for exsanguination. 


Automatic 


In an automatic pneumatic tourniquet, there is a constant supply of gas to 
compensate for any leaks in the system. In addition as some form of gas reservoir 
is used, the patient is less likely to be moved from the operating table with the 
tourniquet in place. A pumped reservoir may be used, but in the newer systems 
the gas comes from a container of a very volatile liquid (dichloro-difluoro- 
methane), from bottled air or nitrogen, or from the compressed air line to the 
operating theatre. l - 

With any of the above systems, the inflation of the cuff is rapid and 
controllable thus essentially eliminating the chance of venous eagorgement 
occurring. . 


CONTRA-INDICATIONS TO EXPRESSIVE 
EXSANGUINATION 


1. Severe infections and tumour. When either of these two 

` conditions are present, expressive exsanguination must not 
be used, to avoid dissemination. $ 

2. Proven or suspected deep vein thrombosis. When proven or 
suspected deep vein thrombosis is present expressive 
exsanguination must not be used. Austin (1963) reported 

"two cases in which massive fatal pulmonary embolism was 

precipitated by exsanguination with an Esmarch bandage in 
the presence of silent deep vein thrombosis. Both patients 
had sustained fractures around the ankle, initially teated by 
manipulation and immobilisation in a plaster cast, which 7 to 
9 days later required internal fixation. 
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CONTRA-INDICATIONS TO THE USE OF A 
TOURNIQUET, 


1. Peripheral arterial disease. 

2. Severe crushing Injuries. In these cases the circulation is 
often precarious. 

3. Sickle-cell disease. Under anoxic conditions the red blood 
corpuscles sickle, blood viscosity increases, vessels become 
blocked and a severe episode of thrombosis and haemolysis 
may occur, particularly on release of the tourniquet. Test all 
patients who are at risk for tha presence of Haemoglobin-S 
prior to the use of a tourniquet. 


t- 


~ 


SITE FOR APPLICATION OF A TOURNIQUET 


With the exception of digital tourniquets, it is now accepted that tourniquets 
must only be placed around the upper arm or thigh. These are the only places 
where there is sufficient muscle bulk to distribute the pressure in the cuff evenly, 
and thus avoid loca) high pressure areas over tissues close to the surface. Cuffs 
must not be placed around the forearm, wrist or ankle. 


WIDTH OF PNEUMATIC CUFFS 


The American Heart Association concluded that for the pressure in the 
occluding cuff of a sphygmomanometer to equal that in an underlying central 
artery, the width of the cuff should be 20% greater than the diameter of the 
upper arm, and be 40% of the circumference of the thigh or 8 inches (20 cm). If 
cuffs of these dimensions can be used, the pressures in them need only be a little 
above the systolic blood pressure, to maintain a bloodless field. If narrower cuffs 
have to be used, higher pressures are needed to transmit sufficient pressure to the 
centre of the limb to occlude the artery. Tissues immediately beneath a cuff may 
be submitted 10 possibly excessive and damaging pressure. To avoid this 
therefore, the widest practicable cuff, up to the dimensions given above, must 
always be used. 


EXSANGUINATION 


The simplest and safest way io.remove most of the blood from a limb, is to 
elevare the ligb. as wectically as possible for fona pairanes. Blond rues, fona he 
veins under the effect of gravity, and this is followed by reflex arteriolar 
constriction which makes the emptying more complete. More efficient 
exsanguination can be achieved by inflating an envelope covering the whole limb 
{Klenerman, 1978), or by applying an Esmarch bandage from the digits to the 
cull (see below). 
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TOURNIQUET PRESSURES 


It is important that the pressure in a cuff is known accurately at all times. 
Cushing’s simple and reliable method was to connect the cuff to the mercury 
manometer of an ordinary sphygmomanometer. Although this method is still in 
use, Most systems now use a dial gauge as this is more convenient and can read 
higher pressures than an ordinary blood pressure mercury column, These dial 
gauges, which must record pressure in mm of mercury, are sitnple to use, bul can 
become inaccurate with damage or long use (Flatt, 1972; Fry, 1972). Hallett 
(1982) found !4 out of 52 dial gauges in daily use to be seriously inaccurate. 


Experimental work and clinical observation have shown that much lower 
pressures can be used than has been the custom in recent years (Klenerman and 
Hulands, 1979; Klenerman ct al, 1980; Klenerman, 1982). The pressure to be 
used is based upon the unsedated patient’s blood pressure measured on the ward 
before operation. 

For the upper limb, the pressure should be 50 mm of mercury higher than the 
systolic blood pressure, whereas for the lower limb, it should be twice the 
systolic blood pressure. The higher pressure is needed for the lower limb because 
a cuff of the ideal width may be too wide to fit on the thigh above the operative 
field. 


UPPER LIMB (mm of Hg) _.. SYSTOLIC BLOOD PRESSURE PLUS 50 
-LOWER LIMB (mm of Hg)... TWICE THE SYSTOLIC BLOOD PRESSURE 


TOURNIQUET TIME 


Tourniquets must be applied for the shortest possible time, compatible with 
proper surgery. For a healthy patient a safe routine is for the surgeon to be 
notified after one hour and for him to remove the cuff as soon as possible after 
that. If the operation is difficult the time may be extended to 1} hours, and 2 
hours probably-should be regarded as the maximum. These times, however, will 
not be safe for all patients. Special care must be taken with the elderly, and 
patients suffering from diabetes and alcoholism. 

Flatt (1972) set a time limit of two hours for 1500 peau Opegations on 
the hand and found that 95% of the operations could be completed within that 
time. Complications did not occur in the 60 patients whose operations exceeded 
that time. The two nerve palsies which occurred in the other patients were traced 
to faulty equipment. He stated, ‘Two hours is not safe, but one hour can be «a 
exceeded if proper equipment is being used’. 

Klenerman, and his fellow workers (Klenerman et al, 1980; Klenerman, 1982) 
have suggested, following their research on healthy monkeys and humans, that a 
longer period is safe as long as the minimum, effective pressure is used. They 
agree that the Jonger period will not apply to patients who are unwell, or who 
have a manifest or subclinical neuropathy. i 
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DANGERS OF A TOURNIQUET 


Tourniquets are dangerous. It must be remembered that the advantage of using a 
tourniquet is mainly to the surgeon, therefore risks to the patient are not justified 
(Bonney, 1981). 

Major complications from the use of a tourniquet are rare. Middleton and 
Varian (1974) estimated that the overall incidence of major complications was 
1:8000, being 1:5000 in the upper limb and 1:13 000 in the lower limb, Flatt 
(1972) reported major complications due to faulty equipment in 2 out of 1500 
operations on the upper limb, Most of the complications which occur could be 

_ avoided if all the facts now known about tourniquets are taken into account. 

The dramatic complications of gangrene from an excessive period of 
ischaemia, and nerve palsies fram excessive pressure, have been known for a long 
time. Experience in two World Wars has shown the risk to both life and iimb 
which results from leaving tourniquets applied for too long under battle 
conditions. They should only be used as a last resort (Watson-Jones, 1952). 

Most attention has been directed recently towards the dangers from pressure, 
with the suggestion that longer periods of ischaemia can be tolerated (Klenerman 
et al, 1980). This may result in other problems due to ischaemia being 
uncovered, 

‘The dangers from the use of a tourniquet can result from the process of 
exsanguination, from pressure on the tissues under the tourniquet, from 

` ischaemia, from bleeding after closure of the wound and from failure to remove 
the tourniquet after the end of the operation. Each of these will be considered 


separately. 


DANGERS FROM EXSANGUINATION 


Exsanguination by elevation is not hazardous, but there are risks when it is 
achieved by compression. Frictional shearing forces from a tightly applied 
Esmarch bandage can damage the skin, especially when it is weakened by 
conditions such as senility, rheumatoid arthritis, steroids or the Ehlers-Danios 
syndrome. The ends of fractured bones, bone screws or foreign bodies may 
damage skin or soft tissues if the bandage is zpplied tightly. Nerves which lie 
subcutaneously can be damaged unless protected by additional padding. 

Compressive exsanguination must not be used in the presence of deep venous 
thrombosis, malignant tumour or infection, all of which might be spread by 
embolization, 

Austin (1963) reported two cases in which massive fatal pulmonary embolism 
was precipitated by exsanguination with an Esmarch bandage in the presence of 
silent deep vein thrombosis. Both patients had sustained fractures around the 
ankle, initially treated by manipulation and immobilization in a plaster cast, 
which 7 to 9 days later required internal fixation. 

During an operation under 2 tourniquet, injury to a major blood vessel may 
occur and not be recognised. Patrick (1963) described four cases of injury to the 
popliteal artery which occurred during operations for the removal of menisci. 
None of the injuries was recognised at the time of the operation. 
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Blockage of the superficial femoral artery from disruption of an atheromatous 
plaque, in a young womun, has also been reported (Giaanestras et al, 1977). 

The heart may be overloaded, with possible cardiac'arrest, if both lower limbs 
aie exsanguinated at the same time in an elderly or unfit patient. Effective 
exsanguination of both lower limbs will result in 15% of the circulating blood 
volume being forced back into the remaining- circulation. This equals a rapid 
transfusion of 700-800 ml of blood (Klenerman, 1982). This extra cardiac load 
can be tolerated by the young healthy patiens. In the elderly or unfit patient, a 
tourniquet should be applied to only one limb at a time. . 

DANGERS FROM TIIE PRESSURE IN THE ‘FOURNIQUET CUFF 
Most tourniquet cuffs need a layer of wool or foam padding under them to 
protect the skin from pinching and abrasion as the cuff is inflated. Care must be 
taken to ensure that irritant or inMammable skin preparation solutions do not 
soak under the cuff. Skin necrosis has been recorded {Flau, 1972; Middleton & 
Varian, 1974), but not ignition from diathermy. This complication can be 
prevented by covering the cuff and the adjacent skin with an adherent plasuc 
drape. 

Occasionally the walls of arteries are stiffened by calcium deposits and the 
rigid tubes that result cannot be compressed by normal cuff pressures 
(Klenerman, 1976). Ifthe pressure is increased there is a risk that the vessel walls 
will fracture and that the blood supply to the limb will be damaged permanently. 
Urgent surgical exploration of the artery could be required. 

Even without an unusually high pressure in the cuff, local damage under the 
cuff can occur if the skin is fragile, the bone irregular or the normal padding 
from muscle and ‘fat is absen, for example in cachexia, severe rheumatoid 
arthritis and poliomyelitis. In these situations, extra padding under the cull must 
be used. f 

If the pressure in the cuff is higher than necessary, normal skin, muscles and 
nerves are at risk. Muscle is the tissue most likely to suffer permanent damage, 
but the most severe functional disability results from damage to nerves. Healthy 
nerves are more resistant than muscle to structural damage from pressure, but 
the function of nerves is impaired rapidly by both pressure and ischaemia (Lewis 
et al, 1931). * ` 

When a nerve sustains local injury from pressure, the effect is seen over the 
whole area distal to the site of injury, supplied by that nerve. The effect of injury 
to a muscle is restricted to that muscle and its action. : 

Unhealthy nerves such as those in patients suffering from diabetes mellitus, 
alcoholism and rheumatoid arthritis are at greater risk than normal. 

The effect of pressure on muscle has been studied by Patterson and 
Klenerman (1979) in healthy monkeys. Damage was more marked under the cuff 
than distally. Mitochondrial changes were seen at one hour and increased to their 
maximum at five hours. After up to three hours of compression, recovery was 
rapid and the muscle had a normal histological appearance when examined 24 
hours later. Muscle power took a week to return to normal. After five hours of 
compression there was extensive mitochondrial damage and necrotic fibres were 
scen three days later, 
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Tourniquct paralysis syndrome 


The tourniquet paralysis syndrome is caused by pressure rather than ischaemia. 

It was described by Moldaver in 1954 as having the following features. 

1.: Motor paralysis with hypotonia or atonia but without appreciable atrophy. 

2. Sensory dissociation. Touch, pressure, vibration and position sense usually 
are absent, as these modalities are carried by large fibres which are more 
sensitive to pressure. Pain sensibility rarely is lost and hyperalgesia may be 
present. The recognition of heat and cold usually is preserved. 

3. Thecolour and temperature of the skin are normal as sympathetic function is 


not affected. 
4. The peripheral pulses are normal. 

Electrical studies show that the block to nerve conduction i is at the level of the 
tourniquet. Motor nerve stimulation distal to the block may still produce a 
contraction. Pressure distorts the myelin sheaths which retract from the nodes of 
Ranvier, This process continues as segmental: demyelination. The axons are 
preserved (Ochoa et al, 1972). The pathological condition of tourniquet paralysis 
syndrome is probably an extension of the physiological state of rapidly 
recoverable paralysis which occurs when the pressure in a blood pressure cuff 
has been held above the systolic blood pressure, in an unanaesthetised subject, 
for about half an hour (Bonney, 1981). Recovery from full paralysis takes three 
months (Moldaver, 1954; Middleton and Varian, 1974), 

DANGERS FROM ISCHAEMIA : 

The tissues distal 10 the cuff become anoxic. acidotic and loaded with 
metabolites (Wilgis, 1971; Klenerman et al, 1980). Wilgis felt that critical levels 
of acidosis were reached after two hours, as the venous pf in the limb had fallen 
to 6.90, the pO, had fallen to 4 mm Hg and the pCO, had risen to 104 mm Hg. 
Kienerman et al (1980) did not measure the pO, but found that the pH levels did 
not fall so low in either monkeys or humans. They found that after three hours of 
ischaemia it took 40 minutes for the acid-base levels in the limb to return to 
normal. With ischaemia of more than three hours duration the recovery time 
increased dramatically. They do not feel that there is any benefit in the practice, 
advocated by Bruner (1951), of releasing the tourniquet for ten minutes after one 
hour to allow the limb to recover, during the course of an operation which will 
take over I} or 2 hours. They base their opinion on their finding that the return 
to normal takes 20 minutes after one hour, and that the capillary bed is not 
perfused for the Grst few-minutes after the release of the tourniquet (Wilgis, 
1971). Wilgis also found that arteriolar shunting resulted in poor initial oxygen 
uptake. We feel that the practice of briefly releasing the tourniquet should not 
simply be abandoned because the limb is unable to return completely to normal 
in the time allowed, as such practice may result in the limb being better able to 
withstand a further period of ischaemia. The matter remains controversial. | 


Tourniquets and sickle cell disease 

The use of a tourniquet is almost certainly contra-indicated in sickie cell disease. 
The blood in a limb wilt sickle if a tourniquet is used. However, in patients with 
sick¥e cell trait, doctors who work in Africa and the West Indies have not reported 
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any particular problems with tourniquets (Klenerman, 1982). If a tourniquet 
must be used in a patient with sickle cell trait, the limb must be exsanguismated 
thoroughly before the cuff is inflated, and the period of ischaemia must be kept 
to an absolute minimum. 


Post-tourniquet syndrome 


Following the release of a tourniquet there is immediate swelling of the tissucs, 
due partly to reactive hyperaemia and partly to increased capillary permeability 
to fluids and protein. Klenerman (1982) found that the swelling became much 
more severe when the tourniquet time was increased beyond two hours. If this 
swelling is severe and is allowed to persist, the condition merges into the post- 
tourniquet syndrome. 

The post-tourniquet syndrome is prabably due to ischaemia and its duration. 
Certainly the longer the period of ischaemia and the older the patient, the more 
likely it is chat untoward tissue reactions will occur. Bruner (1951) described the 
post-tourniquet syndrome in the upper limb as consisting of the following: 

1. Puffiness of the hand and fingers, evidenced by a smoothing out of the 
normal skin creases. 

2. Stiffness of the joints in the hand to a degree not otherwise explained. 

3. Colour changes in the hand which is pale when elevated and congested when 
dependent. . 

4, Subjective sensations of numbness without true anaesthesia. 

5. Objective evidence of weakness of the muscles in the hand and forearm 


without real paralysis. ë 


PREVENTION OF THE POST-TOURNIQUET 
SYNDROME 4 


To decrease the degree of congestion of the tissues and to 
minimise haematoma formation at the operative site: 

— Select the correct operation for each patient. As the tissues 
of elderly patients are less tolerant of ischaemia, swelling and 
stiffness are more likely to occur after operation. To carry out 

-a lengthy operation may result therefore in a decrease rather 
than an Increase in function, 

— Avoid wasting time. it is imperative that the duration of 

mee tissue ischaemia Is kept to a minimun. As already stated this 
is achieved by: 

‘+ * Careful pre-operative dibina of the operation to avoid 
wasteful movements. 
Delaying the application of the tourniquet until all necessary 
instruments are ready, the surgeon is scrubbed, gowned and‘ 
‘ready to cleanse the skin, the patient is on the operating \ 
table and the operating lights are adjusted. 
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’ aes AM a Eis lihi poi eet kasr 
i Do not extend the tourniquet time unneceasarlly. Ii is beiter jo 
to sutura tendons after the tourniquet has been released i aiii 
rather than to. prolong the duration of tissue ischaemia. 
erves must always be sutured and skin’ grafts applied after : 
release of the tourniquet to avoid the formation of a a 

‘ haematoma between the’ nerve ends of dnder ‘the’ skin graft: a 

..— Ensure good haemostasis. If the tourniquet is released before',;;.- 
eae “ithe wound is closed, capillary haemorrhage is controlled by.. Bee 
local pressure with saline compresses,fot.5.to 10 minutes, inp] h 
after which the larger vessels are clamped and tigated. If the... 
In wound is closed, a bulkydressing under moderate s; | 
‘compression by a crepe bandage must. ba: epplied. before the sinus 
~ ,dtourniquet is releasads;5 gigs Bad ip) He dt itt si Sieh 
¿= Elevate, the limb after the “operation: g BRAINE i 
, m=. Encourage the eee Perform active) oVvements’ ‘of. the. 
pertinent Parte cet Sips r EAN nee Casey! TEBAN hit 


“fen. outa shee ust isp > ak stone —$ 


DANGERS FROM BLEEDING AFTER CLOSURE OF THE WOUND 


If a tourniquet is released before the wound is closed, any major source of 
haemorrhage can be identified and controlled. This may prevent the formation 
of a haematoma jeopardising wound healing. Generally tourniquets are released 
before a nerve is sutured or a skin graft applied, to ensure that a haematoma does 
not separate the tissues. 

With some operations there is bleeding from bone which cannot be stopped 
until a firm dressing is applied. In these cases it is better to insert a drain and 
keep the cuff inflated until the dressing is secure. 

It is safer to release the tourniquet before closure if there js any risk that a 
major blood vessel may have been damaged. Injury to the popliteal artery during 
meniscectomy, which was not recognised at the time of operation, has been 
reported (Patrick, 1963). 


DANGERS FROM FAILING TO REMOVE THE TOURNIQUET 
Failure to remove a tourniquet is most likely to occur with digital tourniquets, 
especially if rubber rings or bands without large clips are used (Chen, 1973; 
Hoare 1973). The patients life will not be threatened by metabolites from an 
ischaemic finger, so the tourniquet can always be released when it is discovered 
and efforts made to save the finger. 

Six hours has been suggested as the dividing line between removing the cuff 
and trying to save the limb, and removing the limb above the cuff to save the 
patient’s life (Klenerman, 1962). The nursing staff must call the medical staff 
BEFORE removing any forgotten tourniquet. If a tourniquet is removed, 
preparations must be made to treat the crush syndrome which may develop 
(Bywaters and Beall, 1941; Mason, 1978). It is encouraging to note that 
Middleton and Varian (1974).reported full recovery after a tourniquet had been 
left in place for $4 hours, although there were initial sciatic and femoral nerve 
palsies. 
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ROUTINE CHECKS ON TOURNIQUET 
EQUIPMENT 


The surgeon must satisfy himself that the tourniquet equipment he uses is 
correctly maintained and that al! gauges are accurate. 


BEFORE EVERY OPERATING LIST 


— Check the level of the fluid in the reservoir or the pressure of 
gas in the cylinder. 

— Ensure that the machine will attain and hold a pre-set 
pressure. Set a pressure, block the distal end of the tubing 
‘going to the cuff, and inflate. 

: — Inspect the cuff, its fasteners, and all connections and 
* tubing. 


MONTHLY FE a 


— Inspect the Esmarch bandage for tears or perished areas. 
_ Ensure that tapes are attached if it is evar used as a 

CiT tourniquet. 

.. + Check the pneumatic cuff system for leaks. If the cuff is 
applied over a rigid cylinder, a pre-set pressure should be 
..Maintained for an hour without a drop in the level of the 

= “reservoir. 
— Check that the pressure gauge on the contro! unit is accurate 
_when connected to a mercury manometer, over the range 
oe ‘covered by the mecury column (0-300 mm). Due to the 
~ i simple mechanical nature of the gauges most commonly 
~ -used, they are unlikely to be dangerously inaccurate if 
._ feadings at 100, 200, and 300 mm Hg are all correct to 

'.. > within a few millimetres. Perform the test by connecting tha 

©. tube, which goes to the pneumatic cuff, directly to the tube 

-to the mercury manometer of an ordinary ; 

“sphygmomanometer. ; ae 

‘The controls and gauges must be checked over thair full E 

/.fange, and all seals and connections overhauled at the gf 

Intervals recommended by the manufacturer, as well as after 

every time a fault is found. .... = 


Lapiz. 


RECORDS OF USE OF A TOURNIQUET 


Records must be kept every time a tourniquet is used, so that if complications do 
occur, it is possible to retrieve all the information that is needed for research or 
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medico-legal purposes, Pre-printed cards, such as illustrated below, on which all 
the relevant information can be recorded, should be present in the patient’s case 
records, 

Table 19.1 '. 


Tourniquet record sheet 


Date z Name Hosp. No 
Dof B 


Surgeon . Address 
Operation, 


Type — Pneumatic Calf site — Upper Arm 

Esmarch 8 : i 

Other l Digia 
Orther 


Method of exsangulnation Pe 
Elevation Cuff width 


Esmarch B 
Cuff pressure 


Return of circulation f 
Within ONE Minute Duration On 
fier Minutes or 

No at all Total - Minutes 


+ 


HOW TO APPLY AN ESMARCH BANDAGE 
FOR EXSANGUINATION a 


An assistant is necessary. 


_-- Elevate the limb. i Par AR ERA Ar are 
> — Wrap. ‘the Esmarch ‘bandage: na ap Í RE = Starting. ethos S iy yi 
Fe Site tip ve oft > 


ee or foot and’ woting, posite te extreme ‘tips’ "of the 


voy? the mb, y ie Jeees sm RA 
a’ , Overlap bach durn, oft the 


andage Bere k 


Nas... be? 


: HOW TO APPLY*AN: ESMARCH BANDAGE _ 
; AS A; TOURNIQUET, }, 


The use of an Esmarch bandage a as a 3 tourniquet is not: 
>: recommended as the pressure exerted: “by: it on the underlying: ” 
“+ tissues is unknown, and will probably bejhigher than is“ 

advisable. However, it is recognised that special ` DEE 

* circumstances or particular local problems may iake Its use- i~; 

as a tourniquet necessary. If this is s0,’then the Esmarch © 77} 
bandage must be applied very carefully and the a tourana 
time kept to the absolute minimum. - , ï 


Ri - 
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x — Apply an Esmarch, bandage as described for exsanguination, 
` but make sure that the application starts with the end of the 
bandage to which the tapes are attached. 

— At the upper thigh or upper arm, wrap the Esmarch bandage 
over padding, the last 4 or 5 turns being on top of each 
other, Only the first turn of the bandage is applied with 

E tension. The last three or four turns musi only be wrapped 

` loosely around the limb. 

— Slip the remaining roll of the bandage under the last turn so 

` that it lias in the line’ of the artery. 

— Unwind the dista! end of the bandage, starting at the fingers 
or toes, until the turns acting as a tourniquet are reached. 

'— Tie the two end tapes securely to the table to guard against 
the patient leaving the theatre with the tourniquet still in 

“+ place. 

+ Note the time, and enter it on the tourniquet record sheet. 

— Remember to keep the tourniquet time as short as possible. 


‘Those ibe 


| HOW TO APPLY A DIGITAL TOURNIQUET 


i a 
. 


a Fingers ` and toes 


~f Clean and anaesthetise the digit. ” 
a Wrap a layer of gauze snugly around the base of the digit, to 
prevent the skin being pinched. 

. = Elévate the hand or foot for four minutes, or squeeze the digit 

Sant firmly. . 

: ~ Ask an assistant to wrap a single turn of rubber tubing over 
*“the gauze and to pull it tight. : 

— Secure the tubing with a large artery clip, in such a way that 
the handle of the clip is out of the way. 

— Note the time and enter it on the tourniquet record sheet. 


i 2. Fingers aniy (Karev, 1979) =) ti a 

_— - Clean the hand and anaesthetise the relevant fi inger. 

o= - Ease a sterile surgical glove over the finger and mie rest of 
Hy, the hand. 
“Cut a small hole in the tip of the ‘glove of the required finger. 
— Roll back the glove to the base of that finger. 

— Note the time and enter it on the tourniquet record sheet. 


a 


The finger is now exsanguinated and will remain so while the glove is in place. 
The rest of the hand has a sterile covering. 
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a 


È: 
$: 


“8 ramp “= asi 
} saat tos = 


3 “27, An’ assistant is ‘necessary. 


-lin Ab. at. the, |, tourni iquet’s “sitosi 

gb thé: correct $ size. silt 
imbror 4 spacdiatil, spln ENA a 
f press’. a” ail ‘aint rom: th eur 
- Sauigly te, th 8 enc cuff, 


an oe oan ae 2 


ing: 
nd, A ally cas bi 


FS aisn Tee, Stha. Velcrozor. at ner. ‘types sof ree these see 
a3. basa: $ k Late 

z Aes Pnoumaite o cuff! Ww with:zine, oxide: strap pip Mee goto RGA. 
es ‘ban gee, ahs RER a aces pare Pate fe 3 
PURS, Elaveto tho. limb for fo antaro pata ey 


= ~ Exsanguinate the limb by; -applying an. Es marc i baridage” as Sy 
bes described: ‘above, ‘stopping; the, bandageytt Sji Inches (2: 52510 o 
cm}: below thé pasoa “If the Baas 


WAS, Nia vente E 


ea fey. slip; distally 
Sr “ 


=the "time, of Inflation;:or ho pian ea 


7 lowered | on, removal ‘of. ithe, Esmarch, bandadésthat ble 
as ae ARTI: 

pe Reve Rates the pressure: ‘in the: cuit valk zt ; fmin ‘ 

ik: level | (see, above) to, ‘prevent filling. of ithersupericial’ veins ‘ 


= betoro, the arterial; blood: flow has, beanipbeiledy e 


— Ue a pr, ‘skin’ Se can solu ion: y forthe: 
toes and fingers. ‘The. state of the. circilation in:the toes: Of =; 

=. fingers will be determined: more easilysatter: the operatio esr 
— Do not allow the skin’ preparation solution to collect under- the! ž 
_ edge. of the tourniquet: Skin irritation. or;burning may result SA 
“To avoid this a self-adhesive drape (Steridrape* j- Opsite*) cans 
‘be applied over the nelghbouring skintand the ‘tourniquet, i 

— If the pressure of the’ tourniquet shoiild: fall ‘during the - 
. operation, remove the tourniquet conrplstely to” relieve” 
„congestion before reapplying it. 2 a Pid 


wn oe cee - 


*See Appendix. 
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— Do not allow the tissues exposed at the operative site to 
become dry. Regularly apply cold saline compresses. 

‘— Avoid the use of hot spot-lights which will accelerate the 
drying of the tissues. 

— At the end of the operation remove-the tourniquet. This is the 
responsibility of the surgeon. Note the time at which the 
tourniquet is removed. 

— At the end of the operation check that the circulation in the 
limb is satisfactory — - peripheral pulses and/or capillary 
circulation. 5 


BIER’S BLOCK 


Double pneumatic cuffs (Hoyle, 1964) have been introduced as an ingenious 
method of reducing the pain from the tourniquet cuff in regional intravenous 
analgesia (Bier, 1908). However a potentially serious problem exists with a 
double cuff, as each cuff is only half the width of the cuff which normally would 
be used on the arm, If the normal cuff pressure is used (see above), the veins are 
occluded, but the arteries are not, with resultant venous congestion. If the 
pressure in the cuff is increased until arterial flow ceases, tissues beneath the cuff 
may be damaged. lt may be safer if double cuffs are not used for the Bier’s 
technique, Pain due to pressure of the cuff is an occasional problem, but as long 
as the operating time is limited to less than 40 minutes, additional analgesia will 
rarely be required. ae 


APPLICATION OF BIER‘S BLOCK FOR THE 
UPPER LIMB (Ware, 1975) 


This technique i is absolutely contra- indicated for any patient 
with a known hypersensitivity to local anaesthetic solutions. 
Iti is potentially dangerous. Five serious incidents including 

three deaths have been reported. It is recommended that the 
tourniquet equipment must be used and constantly monitored 
by one person who is familiar with it and whose sole duty is 
anaesthesia (Department of Health and Social Security, 
Health Notice (Hazard}{82)7}. 

~ Lie the patient supine. 

= Dilute 20 ml 0.5% PLAIN Bupivacaine Hydrochloride 
(Marcain*, Duncan Flockhart & Co. Ltd) to a final volume of — 
50 mi with Sodium Chloride Injection BP solution, using a 50 
ml syringe. This will produce an 0.2% solution of Bupivacaine 
‘’ Hydrochloride. The maximum recommended dosage fs 1.5 
mg/kg body weight, 


* See Appendix. 
*See Important Note (p. 285). 
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Table 19.2 
* Weight of Patient Bupivacaine dose Final injection volume 
PRTA (he) at 1.5 mg/kg (mg) of 0.2% solution (mi) 
49 105 52.5 
6 90 ; : 45° 
50 75 . 37.5 
-40 60 30 


Note; Tha final volume of 0,2% solution of Bupivacaine ` 
Hydrochlaride is equal to half tha dose In mg of Bupivacaine 
Hydrochloride, calculated at 1.5 mg/kg body Wont: 


` ae aire 


— Measure the patient's blood pressure. i= :* paris a ees 
— Apply a tourniquet cuff to the upper arm, but do not t inflate 
it. ie man Peta T aA l 


~ Insert a smal! (23G) indwelling saaie or. plastic. čanAula into: -i 
a suitable vein, preferably o on the dorsum of the hand. Secure - oth 
the needle. oils i 
— Exsanguinate the timb by alévation for four minutes or by the. e 
use of an Esmarch bandage. 
— Inflate the cuff to a pressura 50 mm mercury higher than the - 
systolic blood pressure, and maintain 3 ' pressure forthe . ae 
: duration of the operation, > Fiatia a an 
— Inject the required dose of 0.2% búpivesaine ‘and then gentiy: 
massage the limb to facilitate the spread of the anaesthetic... 
solution. The patient will experience a feeling o of warmth H 
and/or paraesthesia. T arr z A AR 
— ~ Wait for analgesia to develop. This usually occurs, s within, 4 4 to 
LEG minutes. Loss. of cutaneous: sensation, ada prick isai; sf EASA? 


life ger 


= “Inject a further 5 to 10 ml of the 0.2%? Seana solution: 
G Note ‘the time and. enter, it on the tourfiiquet, "record: sheet. z. 
:=—On completion’ ‘of the’ opérstion, deflate:the: cuff and note the ' ' 
< f timia’ for entry on the tourniquet record*shéet:. ae À 
`; — Remove the indwelling needle, Sensatién,Wwill usually return, 
< within 8 minutes: $ RA : 


ier P Å 
; 4 

= Allow; ‘the, patient to:recover. under:su atvisio nee 
Fone Stat | oe a mie chy BEANE. Cos oats beets p n DEENA i 


Bupivacaine Hydrochloride is recommended because of its low level of 
systemic toxicity (Ware and Caldwell, 1976). It is however longer acting and is 
approximately four times as potent as Lignocaine Hydrochloride (Xylocaine*, 
Astra Pharmaceuticals Ltd) which can also be used. The maximun recommended 
dosage of Lignocaine Hydrochloride is 3.0 mg/kg body weight. 

Toxic reactions to local anaesthetic solutions are unpredictable, and depend 


"See Appendix. 
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upor: the dosage, route of administration and the physical state of the patient. 
They include nervousness, dizziness, blurred vision, nausea, vomiting, tremor, 


- convulsions and cardiac arrest. ; 
Adequate resuscitation equipment must be available. 


IMPORTANT NOTE ON THE USE OF BUPIVACAINE 


Since first publication of this edition a strong warning his been issued by the 
Committee on Safety of Medicines (C.S.M., 1983) that Bupivacaine (Mar- 
caine) should no longer be used for Bice’s Block. It is now felt that serious 
complications (including cardiac arrest) are more likely to occur than with 
Lignocaine and are much more resistant to treatment. 
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Appendix 1 


Ace Orthopedic Ace cervical traction equipment 
.14105 South Avalon Boulevard llalo-body orthosis 

Los Angeles (UK distributors, see 
California 90061 Downs Surgical Ltd) 

USA. 

Apex Foot Products Dermaplast shoes 

New York 

USA. 

Arthrodax Ltd Cellamin 

Arthyodax House oe Cellona 

Telford Road 

Bicester 

Oxfordshire OX6 OTZ 

England. 

Astra Pharmaceuticals Ltd X locaine 

St Peters House . (Lignocaine Hydrochloride) 
2 Bricket Road 

St Albans . 

Herts ALI 3]W l 2 

England. 

Bayer (UK) Ltd Baycast (in USA — Cuttercast)} 


Pharmaceutical Division 
Haywards Heath 
West Sussex RH16 ITP 


England. 

Bury Boot & Shoe Co. (1953) 

Ltd : Various styles of men’s and women’s 
Woodhill Works shoes in broad and extra broad 
Brandlesholme Road ` fittings 

` Bury 


Lancashire BL8 IBG 
England, 
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B X L Plastics Ltd Plastazote (manufacturers) 
“ERP Division 
Mitcham Road 


Croydon 
Surrey CR9 3AL 


England. 
Carters Lid i Atlas adjustable frame (Pulpit frame) 
Alfred Street . 


` Westbury 


Wiltshire 
England. | 


Chas A. Blatchford & Sons Ltd Metal hinges and jig for cast bracing 
Lister Road 

Basingstoke 0 -= 

Hants RG22 4AH aS 

England. 


C & L Developments Hadfield split bed 

47 Queens Road 

Weybridge 

Surrey 

England. A 
Cutter Laboratories Inc. Cuttercast (in UK — Baycast) 
2200 Powel! Street 

Emeryville 

California 94608 

USA. 


D. Howse & Co. Ltd Simonis swivel 
Beethoven Street a 
London W10 4LR 

England. 


Downs Surgical! Ltd Ace cervical traction equipment — 
Church Path UK distributor 

Mitcham 

Surrey CR4 3UE 
England. 


Duncan, Flockhart & Co. Ltd Marcain (Bupivacaine Hydrochloride) 
Birkbeck Street 
London E2 6LA 


England. os, 

George Salter Lid Suspension springs for a Thomas's 
West Bromwich ‘splint 

Staffordshire 


England, 


Gilbert & Mellish Ltd 
501-503 Bristol Road 
Selly Oak 
Birmingham B29 6AU 
England. 


Howmedica Inc. 
Orthopedics Division 
359 Veterans Boulevard 
Rutherford 

New Jersey 07070 
USA. 


Howmedica (UK) Ltd 
622 Western Avenue 
Park Royal 

London W3 OTF 
England. 

Jaquet Orthopedie S.A. 
45 Avenue de la Praille 
Case Postale 380 

1211 Geneve 26 
Switzerland. 


J. E Hanger & Co. Ltd 
Roehampton Lane 
Roehampton 

London SW15 SPL 
England. i 


John Drew (London) Ltd 
Orthopaedic Supplies Dept 
433 Uxbridge Road 

Ealing 

London W5- = 
England. 


Johnson & Johnson Ltd 
Orthopaedic Division 
260 Bath Road 

Slough 

Berks SL! 4EA 
England. 


Johnson & Johnson Products 
Ltd . 
New Brunswick 

New Jersey 08903 

USA. 
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Piedro bootees — UK distributor 


t 


Hoffmann external fixation system — 
UK distributor 
Universal! Day frame 


Hoffmann external fixation system 


Ortholene 


Drushoes - 


Neofract 

Orthoflex 

Orthoplast functional bracing kits 
Specialist foam traction 

Tractac 

Zoroc 


Delta-lite fabric 
Delta-lite glass 
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Marlin Orthotics Boston brace — UK distributors 
_177 Grange Road 

London SE} 

England. 

Minnesota Mining Lightcast 11 

& Manufacturing Co. : Scotchcast 

Orthopedic Products Scotch flex 

Surgical Products Division/3M = Ster:drape 

3M Centre ` 

St Paul 

Minnesota 55144 

USA. ; í 

United Kingdom Ltd Lightcast II 

3M House, PO Box | Scotchcast 

Bracknell Scotchflex 

Berkshire RG12 IJU _ Steridrape 

England. i 

OEC Orthopaedic Ltd Denham external fixation compression 
134 Brompton Road (Portsmouth external fixation bar, 
London SW3 1JB Mark I & II) 

England _ Orthotrac (in USA — Orth- O-Trac) 

Zimmer electric plaster saw 

Orthopedic Equipment Co. Orth-O-Trac 

Bourbon $ 

Indiana 

USA. 

Orthopaedic Systems Hexcelite 

40 Mersey Road 

Widness 

Cheshire WA8 ODS 

England. i 

Parke, Davis & Co. Ketalar (Ketamine Hydrochloride) 
Pontypool 3 

Monmouthshire 

Wales. 

Performance Plastics Ltd Perplas 

Melton Mowbray f 

Leicestershire 

England. 


Physical Support Systems Inc. Boston brace 
Windham 
New Hampshire. 


Pryor & Howard Ltd 
Willow Lane 
Mitcham 

Surrey 

England. 


Radiol Chemicals Ltd 
Stepfield 

Witham 

Essex CM8 3AG 
England. 


Remploy Lid 
Orthopaedic Division 
415 Edgware Road 
Cricklewood 

London NW2 6LR 
England. 

Salt & Son Lid 

220 Corporation Street 
Birmingham 

England. 


“Seton Products Lid 
Tubiton House 
Medlock Street 
Oldham : 
Lancashire OL! 3HS 
England. 


S. H. Camp & Co. Ltd 
East Portway 

Andover 

Hants SP10 3NL 
England. 


Smith & Nephew Lid 
Bessemer Road 
Welwyn Garden City 
Hertfordshire 
England. 


S. Reed & Co. 
Beechwood House 
Infirmary Road 
Blackburn 
Lancashire BB2 3LP 
Fnoland. 
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Brackets for attaching Böhler stirrup to 
Thomas's splint for suspension 

by springs 

Fisk splint 


Soesi shoe laces 


Eagle bootees 
Forearm walker (Gutter frame) 


Hartshill lower limb appliances 


Notac 
Seton skin traction kits 
Tubigrip 


Four poster cervical brace 
Pavlik harness 
Somi brace — UK distributors 


Crystona 

Elastoplast skin traction kits (outside the 
British Commonwealth, all Elastoplast 
products are known under the name 
Tensoplast) 

Glassona 

Gypsona 

Opsite 

Piastazote — UK distributors 


Prefabricated tibial brace 
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The Scholl Manufacturing Co. Ventfoam skin traction bandage 


Ltd 

182-204 St John Street 

London 

England: ` 

United States Manufacturing Fracture bracing components 

Co. 

PO Box 110 ~ 

623 South Central Avenue 

Glendale 

California 91209 

USA. , 

Victor Baldwin Ltd Yampi, supplied in various colours 
Vansitard Estate : 

Windsor 

Berkshire 

England. 

Zimmer USA Skin-trac 

727 North Detroit Pelvic traction screw 

Warsaw Screw eye — Wing traction screw — for 
Indiana 46580 olecranon traction ‘ 
USA. i 

Zimmer Deloro Surgical Ltd Pelvic traction screw 

Dunbeath Road Screw eye — Wing traction screw — for 
Elgin Industrial Estate olecranon traction - 

Swindon i 


Wiltshire SN2 6EA 
England. 


ee Se 
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TECHNICAL ANALYSIS FORM RIGHT UPPER LIMB 
Name ____————— Immm No. Age Sex osii 
Date of Onset__ .________ CO nein 


Occasstieen «| Present Upper Lire Equipment 


Diagnosis 


Hand Dominance: Right LeO 


Status of other upper limb: Normat O Impaired O 

eS aas a a e S EE S 

1. Ambulatory status: Normal O Impaired 0 ` Walking Aid O 

2. Wheelchair O Sitting Position: Stable Unstable O  Rectined O Upright D 
Sstting Tolerance: Normat O Limitea O Duration.. E TEOSTE 
Propulsion: Manual O Motor O Dependent O 

3. Cognition: i Normal O impaired O 

4. Endurance: Normat O Impaired O 

5. Skin: Normat O impairey O P 

6. Pang Location ne 

7. Vision: Normal O Impaired O 

B. Coordination: Normal O Impaired O Function: Normal O Compromised o 

i Prevented 
9. Motivation: Good O Faro Poor O 


10. Associated impairments: n m — 


LEGEND 
| a Direction of Translatory Volitional Force {V} Sensation 
p 1 Motion N = Normal [N] = Normal 
[Grade 1,2 or 3) G = Good EIJ = Hypesthesia 
z Fo Fair ws ia 
R = Abnormal Degree of P = Poor ns n ion 
Ao" Rotary Motion T = Trace =m S 
Z = Zero 
Proprioception {P} 
> = Fixed Position Hypertonic Muscle (H) N = Normal 
30° i N = Normal I = Impaired 
M «= Mild A = Absent 
Mo = Moderate Š 
A/V = Fracture S = Severe D = Distension or 


Enlargement 
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AOO FPB APs OPP ` 
OO} 1s A weasrace 
EA WOBSPAC 

aso.ei\f ] et 

S 

: 


\ " 
: i] STERCOGNOSIS 
- po k A 


PALMAR DORSAL 
FINGERS 
“2h. 2 R 4 
OPEN i 
(Tip to Distal 


Wrist Crease) 


{Tip to 
Mid-Palm} 
CLOSED 
AP AP AP AP 
FINGER 
Flex.-Ext. 
Sem ftes] 
|__| POWER GRIP 
|| PALMAR PINCH | 
| | LATERAL PINCH THUMB = 
Ocm ‘ 
AP APAPAP Ocm 20cm 
x THUMB Lettititisrirsriiiy 
OPPOSITION ~ CLOSED OPEN 


SAGITTAL 


CORONAL 


o 
ELEVATION 


B 


Vu 
DEPRESSION 


va 


v 
H 


EXT ROT. 
e 


~ 


TRANSVERSE 


INT, ROT. 
— sa 


SAONVITddV¥ DIGAYAOHLUO ANV NOLLOVUL 962 
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| 


ummary of Functional O teabitity  — aeeea  aeaaaaaeeeeaaee 
a NN N E E ee E N 
ee 


‘treatment Objectives:  Prevent/Correct Deformity O Improve Function O 
Relieve Pain O > tl TE 


ORTHOTIC RECOMMENDATION 


IEMARKS: 


Signature Date 


CEY: Use the following symbols to indicate desired control of designated function: 

F = FREE — Free motion. 

A= ASSIST — Application of an external force for the purpose of increasing the range, velocity, or 
force of amotion. _ 

R = RESIST — Application of an external force for the purpose of decreasing the velocity or force 
of a motion, 

S = STOP — inclusion of a static unit to deter an undesired motion.in one direction. 

v = Variable — A unit that can be adjusted without making a structural change. 

H= HOLD — Elimination of alt motion in prescribed plane (verity positionl. 

l= LOCK — Device includes an optional tock. 
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TECHNICAL ANALYSIS FORM SPINE 
Name No.________ Age__ Sex ___Weight.____ Height ___ 
De 


Present Orthotic Equipment 


oe 0 os a o 5 a 


Ambulatory O Non Ambulatory O Wheelchair O 
Standing Balance: Normal D Impaired O Walking Aid — aeaa 
Sitting Position: Stable Unstable Reclined O Upright O 
Sitting Tolerance: Normal D Limite O 


MAJOR IMPAIRMENTS 
A. Structural: No Impairment) 
1, Bone: Osteoporosis O FractureL) 
CRE aie ee ee : 
2. Dise Space: (Describe) 


; 3. Alignment: Scoliosis O Kyphosis O tordos O 


3. Sensory: No Impairment) 
t. Anesthesia) Location 
2. PainO Location 


Upper Limb: No Impairment O 
E n 
= 2. Other 


Lower Limb: No Impairment 0 


1, Limb Shortening: Right) ter O Amount — —-—___- —. 
2. Hip Contracture O Ankylosis O FtexionQ) Degree __ 

Adduction() - Degree Abduction O Degree 

Extension O Degree 


Major Motor tos O Location 


4. Sensation: Anesthesia) Location 


Hypesthesia D ~ Location 


; Pain OD tocation 


« Associated Impairments: 


LEGEND 
s TA ARTHRODESIS 


FRACTURE 


ZÀ ARTHRITIS 


i Q ‘ LUMBORUM 


I = ILIoPsoas 
T8 ( deq) 
CURVE WITH 
APICAL VERTEBRA , 
T12 , VOLITIONAL FORCE HYPERTONICITY 
(v) (H) 
% OF NORMAL 
MOIGN N = NORMAL N = NORMAL 
f G = GOOD M = MILD 
F = FAIR Mo = MODERATE 
=- PELVIC 
= TET P = POOR S = SEVERE 
T = TRACE 
Z = ZERO 


-15 SEGMENTAL 
. QUADRATUS INSTABILITY 


Z? XIGNJddV 


662 


TRANSVERSE 


SAGITTAL 
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Summary of Functional Disability:_ . _... LENS Te E 


Treatment Objectives: 
Spinal Alignment C) Motion Convo O 
Axial Unloading O . Other 


nl 


CTLSO Cervical 


TLSO Thoracic 


REMARKS \ 


KEY; Use the following symbols to indicate desired control of designated function: 


Fe FREE - Free motion 

A= ASSIST - Application of an external force for the purpose of increasing the range, velocity, or 
force of a motion. 

R = RESIST - Application of an external force for the purpose of decreasing the velocity or force 
of a motion. 

S = STOP - Inclusion of a static unit to deter an undesired motion in one direction. 

v = Variable - A unit that can be adjusted without making a structural change. 

H= HOLD - Elimination of all motion in prescribed plane: specify position, 
e.g. in degrees or (+) {-). 

L= LOCK = Device includes an optional tock. 


Signature 


Date 


2 Index 


Abdominal plate, 135, 137 
Abducent nerve palsy, 89 
Abscess 
cerebral, and skull teaction, 81, 88 
extradural, and skull traction, 81 
subdural, and skull traction, 81 
Ace halo-body orthosis, 81, 82, 83 
Ace halo splint, 76-77, 287, 288 
Acetabutar angie/index, 95, 96 
Agnes Hunt traction, 48-49 
Airtex, 132 
Ankle-foot orthoses, 162-165, 166 
Ankle joint 
fhil, management of, 160, 162 
Functional brace, for, 223° ` 
lower limb orthoses, for, 161 
pain and footwear, 179-180 
prevention of equinus at, 23, 33, Gl, 244 
Ankle stiffener, 179-180 
Ankle strap, 153, 154, 155, 163, 166, 167 
Ankylosing spondylitis, bracing for, 141 
Anterior hyperextension brace, 138, 14! 
indications for, 141 
Anterior chigh pad, 154, 155, 167, 169 
Apparent discrepancy in limb length, 187-188 
Appliances (see also Orthoses) 
drop foot, for, 162-165 
prescription of orthoses, 118-128 - 
suspension of, $6-70 
advantsges of, 56, 59 
Fisk splint, 62 
pelvic sling, 69 
plaster bed, 68-69 
Thomas's splint, 63-68 
Arched and bridge waisted raise, 193, 194 
Automatic pneumatic tourniquet, 27] 
Axillary crutches, 250-253 
_ adjusument of, 251-253 
checking handgrip position of, 252-253 
checking overall length of, 252 
for spinal braces, 136, 137. 
initial measurement for length, 251 


Back lever, 135 

Balkan beam, 56, 106, 111, 236 

Ball of shoe, 173 

Balloon patch, 185, 186 

Balmoral style of boot, 172 

Barlock knee joint, 155, 158 

Barlow splint, 96, 100-101 

Barlow's test, 92-93 

Barre) hitch, 57, 58, 64 

Barton tongs, 73, 75-76- 
application of, 76 


“Batchelor platters, 102-103 


Bathroom scales test, 231-232 
Baycast, 199, 202, 287 
Beam 
` Balkan, 56, 106, 111, 236 
Thanet, 66 
Bed 
elevation of and counter traction, 26, 29, 47, 
71, 191 
Hadfield split, 28, 29, 106, 288 
patients in traction and, 106 
plaster, suspension of, 68-69 
sores, 107 i 
split, Hadfield, 28, 29, 106, 288 
Below-knee iron, 162-164 
Belts, spinal, 132-134, 140 
Bier’s black, 283-285 
application of, 283-285 
complications of, 285 
Bivalve of plaster casts, 209-210 
Block, Bier's, 283-285 


“Block leather bucket top, 152, 154, 155 


Blood loss and fractures, 108 
Bloodless field, provision of, 269-270, 
272 


” Böhler-Braun frame, 44-45 


disadvantages of, 45 

sliding traction in, 44-45 - 
Böhler stirrup, 4, 5, 113 
Boston brace, 143-144, 290 
Bowel cate, in traction, 110 
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upper end of, 152-154 


Brace 
anterior hyperextension spinal, 138, t4 weight relieving, ISt 
checking of, 126-127, 151-152 


Boston spinal, 143-144, 290 
fernoral functional, 223-232 indications for, 151 
Fisher spinal, 136, 137 Canvas, 132 
four-posier cervical, 147, 291 $0? Care of orthoses, 128 
humeral functional, 232-233 Care of the injured limb, in traction, LEO-111 
Milwaukee spinal, 141-143 Cast bracing, 215-233 
Robert jones pinal, 136, 137 Casting and splinting materlats, 193-204 
SOMI, 146-147 * Cellamin, 197, 198, 287 
Taylor spinal, 135, 136-137 *  Cellona, 198, 287 
tibial functional, 279-223 Cerebral abscess and skull traction, 81, 88 
Brachial plexus palsy, 89, 137, 252 Cervical spine k 
axillary crutches and, 252 injuries to, 79, 90 
Fisher spinat brace and, 13? Cervical spine orthoses, 144-149 
Bracing, functional, of fractures, 215-233 four-poster, 147, 291 
Break of the shoe, 173 hato-body, 81-33, 148, 149, 287 
Minerva jacket, 148, 149 


Bryant's-traction, 41-43 
application of, 42 ~ moulded, 145-146 
contraindications to, 43 sestriction of movement, 148-149 
SOMI brace, 146-147, 29t 


modified, 43-44, 110 

posterior guiter splints and, 43 

vascular complications of, 42-43 
Bucket top, caliper, 154, 155, 169 
Buck's traction, 27 

application of, 27 
Bupivacaine (Marcain), 283-284, 288 


temporary collar, 144-145 

Thomas's collar, 145 
Cervical spondylosis and traction, 71, 73,.90 
Checking footwear, 178-179 
Chest complications and traction, 109 
Claviculac pads, 135 


Clips 
spring, and suspension cords, 58, 67 
toothed, 15, 112 e 


Calcaneus, exostosis, 18! = 
Calcium sulphate, 197 Clove hitch, 57, 58 
Calf bands, 154, 155, 167 Common peroneal nerve palsy, 8, 22, 110, 112 
Caliper, 151-170 Comatunication, and patients in traction, 108 
ankle joints, J61 Compensatory patica for shoe, 168 
basic design of, 152 Campound pulley block, 59, 64-65, 68 
bucket top, 154, 155, 169 Cone tongs, 73, 75-76 
care of, 128 application of, 76 
checking, 126-]27 Congenital dislocation of the hip 
cosmetic, 169-170 application of sptint, 99-100 
cuff top, 152, 154 Bryant's traction modified, for, 43-44, 110 
dsop foot devices, 162-165 clinical tests for, 92-94 
functions of, 152 - Barlow, 92-93 
heel siops, 162 - Onolani, 93-94 
hip joinis, 15$-156 complications of treatment, 96-97 
knee joints for, 157-159 incidence of, 92, 94 
barlock, 155, 154 maintenance of teduction 
posterior off-set, 158-159 appliances, 97-102 
ring lock, 157-158 plaster casis, 102-103 
Management in splint, 100-101 


Swiss lock, 155, 158 2 
non weight relieving, 152 radiographic examination, 94-96 


patten-ended, 167, 168 . splinting for, 96-103 - 
pelvic band, 155-156 Cards 
prescription of, 118-126 suspension, 57, 67, 313 
retaining straps and bands, 166-168 uaction, 11, 18, 19, 28, 2B, 29, 30, 36, 38, 
ring top, 152, 153, 167, 163 : 41, 52, 54, 57, 66, 113 
vide bars, 156-157, 159-161 Corcective spinal orthoses, 141-144 

heel attachment of, 159-160 Corsets, 132-134, 140 

heel sockets, 159-160, 162 Cosmetic long leg caliper, 169-170 
stirrups, 160 ; Counter (of shoe), 175, 179 

toe out, 16) A Counter traction, 11-12, 18, 19, 23, 26, 27, 
toe raising devices, 162-165 42, 47, 54 
T-straps, 165-166 fined, 1], 18 


Counter trectlon (contd) 
taising bed end for, 12, 27, 29, 30, 31, 33, 
38, 39, 41, 45, 47, 48, 49, 50 
sliding, 12 
use of gravity, 12, 26, 42 
using splint, 11 
well-leg, use of, 23 
Coutil, 132 2 
Crile head halter, 71, 72 
Crush syndrome, 278 
Crutch adjustment 
axillary type, 251-253 
elbow type (Loftstrand), 253-254 . 
gutter type, 255 
Crutch stance, 260 
Crutch walking, 259-267 
ascending stairs, 266 
descending stairs, 266-267 
energy expenditure and, 260 
general considerations, 260-261 
non-weight bearing, 264 
pania! weight bearing, 263, 264 
patterns of pait, 260-267 
four point, 262-263 
selection of, 260-261 
ewing-through, 261, 262 
awing-t0, 261-262 
three-point, 263-267 
two-point, 263 
tising from cheir, 264-265 
sitting down, 265 
stepping down, 266 
stepping up, 265 
" Crutches, 250-255 
edjusument of, 251-255 
axillary, 250-253 
elbow, 250, 253-254 
function of, 259 
gutter, 250, 254-255 
handgrips, 250, 251, 252, 253, 254, 255, 
256, 257, 258 
Lofistrand, 250, 253-254 
maiatenance of, 259 
_ underarm, 250 . i = 
Crutchfield tongs, 73-75 
application of, 73-74 
failure of procedure, 75 
Crystona, 199, 202, 203, 291 
Cuff cop, caliper, 152, 154 
Cuff, tourntquet, 27), 272, 273, 279, 282, 283 
Cuttercast, 199, 287, 288 


Day frame, 240, 241, 289 
Delayed union of fracture, 16, 239 
Deltalite, fabric and glass, 199, 289 
Denham external fixation compression, 239, 
240, 241, 290 
Denham pin, 4, 5, 28, H13 
. Denis Browne hip splint, 102 
Derby styk of boot, 172 
Dermapiast footwear, 177, 287 
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Diastemetormyelia, 88, 89 
Dietician end patients in traction, t05 
Digital tourniquets, 270, 281 
` application of, 281 
dangers of, 270, 278 ž 
glove type (Karev), 281 ` 
Discrepancy in limb length 
apparent, [87-158 
cause of, 187 
measurement of, 190 
calculation of raise required, 191-192 
compensation for, 190-194 
general considerations, 190-191 
truc, 196-187 
measurement of, 188-190 
types of raises used, 192~194 
Donieite bandage, 14, 15 
Drop-foot devices, 162-165 
Drushoe, 177-178, 289 
Duck, 132 
Dunlop traction, 49-50 
application of, 50 
indications for, 50 


Eagle bootees, 176, 291 
Elastoplast skin traction kit, 2, 291 
Elbow crutches, 250, 253-254 
adjustment of, 253-254 
checking overall length of, 254 
Electric plaster saw, how ta use, 209 
Embolism 
fat, 106, 109 
pulmonary, 109, 27) 
Enuresis and halo-pelvic traction, 90 
Epiphyscal growth plates, damage to, 11, 34, 
37, 96 
Equipment for casting materials, 198-201, 203 
Esmarch bandage, 269, 270, 271, 272, 274, 
279, 280-281 
dangers of, 270, 271, 274-275 
exsanguination, how to, 280 
pressures beneath, 270 
tourniquet, how to apply, 280-281 


'Excter coil spring, 164 


Exsanguination, 272 
contra-indications to, 271 
dangers of, 274-275 
methods of, 269, 270, 272 
External skeletal fixation, 235-245 
application of, 242-245 
Post-operative care, 244-245 
pre-operative planning, 242-243 
technique, points about, 243-244 
complications of, 245 
contra-indications to use of, 238 
Denham bar, 239-240, 241, 290 
development of, 235-236 
frames, 237, 239-242 
Hoffmann system, 235, 240, 242, 289 
indications for use of, 238 
lower limb fractures, 239, 242 
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External skeletal fixation (conid) 
pelvic fractures, 239, 242 
pins, 

half-pins, 236-237 

transfixing, 236 

Portsmouth bar, 239-240, 24] 

prevention of equinus, 244 

principles of, 236-237 

suspension of frame, 237, 244 

tibial Iractures, 239-242 

universal Day frame, 240, 241, 289 

upper limb fractures, 239, 242 

Vidal frame, 236, 242 
Extradural abscess and skull traction, 81. 
Extradura} haematoma and skull traction, 81 


Fabric spinal supports, 132-134, 140 
Fascial compartments, decompression of, 206 
Fat embolism, 106, 109 
Felt collas, 144-145 
Femoral nerve palsy, 278 ` 
Femur, capital epiphysis 
appearance of, 94 
congenital dislocation of the hip and, 95-96 
cpiphysitis, 96 
Fibreglass, 200, 201, 203 
Finger tourniqucts, 270, 281 
glove type (Karev), 281 
Fisher spinal brace, 136, 137, 140 
indications for, 140 
Fisk splint, 16-17, 37-38, 61, 62, 291 
advantages of, 37 
sliding tractioa in, 37~38 
suspension of, 62 
Fixed traction, 12, 18-25 
application of, 18-2), 22, 23-25 
with Thomas's splint, 18-23 
for cervical spine, 81-83, 148, 149 
halo-body orthosis, 81-83, 148, 149, 287 
halo-pelvic, 83-90 
Roger Anderson well-leg, 23-25 
significant feature of, 18 
Thomas's splint, in, 18-21 
Tobruk splint and, 18 
traction unit, in, 21-23 
transfer of patient in, 20 
Flait ankle, management of, 160, 162 __ 
Flammability of casting materials, 198-201, 
253 
Flat/rectangular heel sockets, 160, 161, 162 
Food, patients in traction and, 107 
Foot plate, Nissen, 31, 32, 33, 35, s 
Foot strain, 181 
Footwear, 171-194 
factors causing problems, 171-172 
how to check, 178-179 
modifications, 179-186 i 
outside hee! foa, 180 : 
rocker bar, 180, 186 
normal, 172-175 


plastazote and yampi vacuum formed, 
177-178 

surgical, 175-179 

vacuum formed, 177-178 


Four-point crutch gait, 262-263 
Four-poster cervical brace, 147, 291 


Fracture 


blood Joss and, 108 | 
blood transfusion and, 108-109 
board, 106 
care of patient in traction and, 105-117 
cervical spine, 79, 149 
delayed unlon, 18, 239 
distraction of, 11, 18, 27 
duration of traction and, 117 
femoral shaft 
anterior bowing, 15, 22, 29, 38, 39, 41 
fixed traction for, 18-22 
functional bracing for, 223-232 
in adults, 20, 21, 28, 30, 38, 33, 37, 38, 
40, 44 
in children, 20, 27, 34, 41 
initial traction weight, 27 
late angulation of, 116 
Perkins traction for, 29 
reduction of, 20-22 
refracture of, t16 
traction unit for, 21-23 
femur, subtrochanteric, 28, 33 
femur, supracondylar, 39 A 
functional bracing of, 215-233 
humenss 
functiona? bracing for, 232-233 
supracondylar, traction for, 50 
mat-rotation at site of, 111 
neck of femur, 27, 28 
non-union of, 215, 239 
pelvis, 23, 69, 239, 242 
tadius and ulna, 53 
removal of traction and, 116-117 
tibial condyles, 28, 37 


ubia) shaft 
external skeletal fixation for, 239-232 


functional bracing. for, 249-223 
Perkins traction for, 29-30 
union, processes occurring In, 216-237, 
238-239 : 
vertebral compression, 140, 
Fracture bracing 
femoral, 223-232 - 
humera!, 232-233 
tibial, 219-223 
Frame 
Day, universal, 240, 241, 289 
external skeleta? fixation, 237, 239-242 
pulpit, watking, 249 
seciprocal, walking, 249 
rollator, walking, 249-250 
standard, watking, 247-248 
universal Day frame, 240, 241, 289 
Vidal, 242 
Freiberg’s disease, 183 A 


141 


Frejka pillow, 96, 97 
Frog plasters, 103 
Fulcrum strap, 132, 133, 134 
Functional bracing, 215-233 
bathroom scales test, 231-232 
bony infection and, 215 
contra-indications to, 218 
femoral fractures and, 223-232 
how to apply, 225-231 
* when to discard, 231-232 
heel cups, 223 
hinges, 223 240 
metal, 225, 229-230, 283 
polyethylene, 226, 228-229 
humeral fractures, 232-233 
how to apply, 232-233 
kits, 221, 226, 289, 291 
non-union of fractures and, 215 
Sarmiento cast, 219-220 
shortening of fractures and, 216 
theoretical basis of, 215-217 
tibial fractures and, 219-223 
heel cups, 223 
how to apply, 219-223 
Sarmiento cast, 219-220 
union of fractures and, 215-217 
use of modern materials in, 218 
when to apply, 217 


Gait, patterns of and crutch walking, 260-267 
Gallows traction, 41 
Gamgee tissue, 15 
Genu recurvatum and traction, TI 
Gibson style of shoe, 172, 173, 176 
Glassona, 200, 291 
Glossopharyngeal nerve palsy, 89 
Gravity as counter traction, 26, 111 
Gussets, elastic, 132, 133 
Gutter crutches, 250, 254-255 
adjustment of, 255 
Gutter frame, 248 
Gutter piece 
crutch, 254 
leather, posterior, caliper, 153, 168 
posterior, crutch, 251 
Gypsona, 198, 291 
Gypsum, 197 


- 


Hadfield split bed, 28, 29, 106, 288 

Half hitch, 57 

Hallux rigidus, 186 

Hallux valgus, 176, 186 

Halo bail, 78 

Iialo-body orthosis, 81-83, 148, 149, 287 
application of, 83 
cervical spine, restriction of movement, 82, 

149 

Halo-pelvic traction, 71, 83-90 
application of, 85-87 
complications of, 88-90 


INDEX 307 
management of, 87-88 
nerve palsy and, 89-90 
uses of, 83 
Halo splint, 76-78 
application of, 77-78 
Halo traction, 78 
Halo vest, 81-82, 83 
Halter traction, 71-72 
Hamilton Russell traction, 30-31 
application of, 30-31 
theory of, 31 
faction weight and, J1 
Handgrips, 258 
gutter crutches, 254 
position of 
axillary crutches, 252 
elbow crutches, 253 
rollator, 249 
tripods and quadrupeds, 257 
standard walking frame, 248 
walking sticks, 255 
Hartshill lower limb appliance, 170, 291 
Head halter 
canvas, 71, 72 
chamois jeather, 71 
Crile, 71, 72 
Heel, 172, 174 
attachment of side bars, 159-161 
cups, functional bracing, 223 
outside float, 180 
painful, 181 
sockets, 159-160, 162 
stirrups, 160 
stops, 162 
styles of, 174 
tapered heel cushions, 181 
Thomas, 182 
where to measure height of, 174, 192 
Heel and sole’ wedges, 183 
Heel breast, 172, 173, 174 
Hexcelite, 201, 202, 290 
Hilgenreiner’s line, 95, 96 
Hinges 
ankle, 161 . 
functional braces, 224, 228-230 
metal, 224, 225, 229-230 
polyethylene, 226, 228-229 
hip, 155-156, 224 
knee, 157-159, 226, 228-230 
orthoses, lower limb, 155-156, 157-159, 
-161 
Hip 
abduction deformity, traction for, 23-25 
adduction deformity, traction for, 23-25 
arthroplasty, traction for, 30, 31 
congenital dislocation of 
clinical tests for, 92-94 
complications of treatment, 96-97 
incidence of, 92, 94 
tadiographic examination, 94-96 
splinting for, 96-103 
traction for, 43-44, 110 
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Hip (contd) 
flexion deformity, traction for, 48-49 
ftacture-dislocation, traction for, 45-48 
joints 
functional brace, for, 224 
onhosis, for, 155-156 
Hoffmann external fixation system, 235, 240, 
242, 289 
Hypogiossal nerve palsy, 89 


Impairment of circulation, 3, 42, 50, 111, 205, 


206 
Infection 
functional bracing and, 215 
pin-track, 9, 10, E), 28, 80, 88, tlo, 112 
skull traction and, 80, 81, 37, 88 
Inside raise, 193 
Insoles 
advice to paticnts, 182 
combined valgus and metatarsal, 184, 185 
metatarsal, 183-184, 185 
valgus, 181-282 
Instant lumbar suppon, 134 
Interdigital neuroma, 183 
Intravenous regional anacsthesia, 283-285 
Ischaemia 
` in presence of distal peripheral pulses, 205, 
206 
of femoral capitst epiphysis, 96-97 
of atontoid process, 90 
painful limitation of passive movement snd, 
42, 50, J11, 206 i 
touraiquets and, 276 


Jean, 132 
Joint 
ank!s 
control of movement, 161-362 
functional brace, 223 
lower limb orthoses, 163, 163 
pain and footwear, 179-180 
bariock, 158 
hip 
fenctional brace, 224 
lower limb orthoses, 155-156 
knee 
axis of movement, 16 
functional brace, 229-230 
Jower limb orthoses, 157-159 
polycentric pathway, 16 
posterior off-set, 158-159 
ting lock, 157-158 
stiffness and traction, 6, 9, 28, 37, 54, 61, 
89, 1)1, 115- 
subealar s 
pain and footwear, 179-180 
Jones (Thomas) spinal brace, 136, 137, 140 
indications for, 140 


` Karev finger tourniquet, 281 
Ketalar, 85, 290 
Kirschner wire, 6, 36, 51-52, 54, 113 
strainer, 5, 113 
Knee cap, antesior, 153, 167 
Knee-flexion picce, 16, 38 


siting of, 16 ~ 


Knee joint 
axis of movement, 16 
functional brace, 228-230 


lower limb orthoses, 157-159 
polycentric pathway, 16 


Knock-knee pad, 166, 168 
Knots 


barrel hitch, 57, 58, 64 
conversion to reef knot, 57, 58, 64 
ctove hitch, 57, 158 
half hitch, 57 
prevention of slipping, 58 
reef, 57 


Lace stays, 172 
Last, 172, 176 : 
Late angulation of femoral shaft fracture, 116, 


224 


Lateral upper femorat traction, 45-48 


application of, 46-47 
site for, 6, 7, 46 è 


Leno, 197 

Leprosy, foxy:wear for, 177 
lightcast, 200, 202, 290 
lignocaine, 284, 287 

Limb tength, measurement of 


apparent, 190 
true, 188-190 


Limb, pre-operation of and plaster cast, 210 
Linings (of shoe), 175 

Loftstrand crutches, 250, 253-254 

Lorenz plaster cast, 103 

Lower limb orthoses, 15t-170 


ankle foot (AFO), 162-165 

ankle joints, $60, 163 

bucket top, 152, 154, 155, 169 

care of, 128 

checking, 126-127 

cosmetic long leg caliper, 169-370 

cuff top, 152, 154 

Exeter coil spring, 164 

functional bracing, 214-232 

functions of, 151 

Harshit, 170 

heel sockets, 159-160 

heel stop, 162 

hip joint, 155-156 

how to prescribe, 118-126 

knee ankle foot (KAFO), (51-152, 153, 154, 
155, 167, 168, 169-170 

knee joints for, 157-159 

non weight-relieving, 152 

Orthotene drop foot, 164-165 

patten-ended caliper, 167, 168 


Lower limb orthoses (contd) 
pelvic band, 155-156 
retaining straps and bands, 166-168 
ring top, 152, 153, 167, 168 
side bars, 156-157 
heel attachment of, 159-160 
stirrups, 160 
toe-out, 161 . 
soe-raising devices, 162-165 
training in the use of, 127 
T-straps, 165-166 
upper end of, 52-154 n 
weight relieving, 151 
how to check, 126-127, [51-152 
indications for, 153 
Low temperature thermoplastics, 196, 201, 
202 
Lumbar support, instant, 134 
Lumbosacral orthosis, 133, 140 
indications for, 140 


Management of patients in traction, 105-117 
blood loss and fractures, 108 
dietician, rale of, 105 
equinus, development of, 111 
injured limb and, 120-111, 2114-147 
ischaemia of muscles, Lil 
medical care, 108-110 ` 

blood loss, 108-109 
bowels, 110 
chest complications, 109 
Pre-existing conditions, 110 
urinary tract, 109 
nerve palsy, 110 
nursing care, 106-108 
bed and bedding, 106, 111 
communication and, 108 
food, 107 
general appearance, 106 
meatal state, 107-108 
observations end charts, 106 
pain relief, 107 K 
akin, 107, 110 
toilet arrangements and, 207 
occupational therapist, 105 
pain relief and, 107, 110 
paraesthesia of numbness, 110 
patient and, 106-111 
physiotherapy and, 105, 114-116 
pressure sores, 106, 107 
radiographic examination and, 114 
tchabilitation officer and, 105 
removal of traction, 116-117 
skin irritation, 110 
team work and, 105 
traction-suspension system, 111-114 
stings and padding, 112 
Marcain (bupivacaine), 283-284, 288 
Mechanical advantage, and traction systems, 
59, 65, 68, 69, 114 
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Medial longitudinal arch suppors, 141-163 
heel and sole wedges, 183 
medis) shank filler, 183 


` Tbomas heel, 182 


valgus insole, 181-182 
Medial shank filler, 183 
Melamine cesins, 196, 197, 198 
Meralgia pataesthetica 
halo-pelvic traction and, 90 
Milwaukee spinal brace and, 143 
Metacarpal pin traction, 53-54 
site for, 6, 7, 54 
Metatarsalgia, 183 
Metatarsal arch supports, 183-185 
checking of, 185 
metatarsal bar, 185 
metatarsal insoles, 183-134, 155 
metatarsal pad and garte:, 154-185 
Metatarsal bar, 185 
AMMetatarsal insole, (83-153, 185 
Metatarsal pad and garter, 184-185 
Milwaukee spinal brace, 141-143 
fining of, 142-143 
indications for, 141 
meralgia paracsihetica end, 143 
Minerva jacket, 148, 149 
Monkey pole, 106 
Moulded spinal supports, 131, 139, 141, 
143-144, 145-146, 148 
Muscle spasm, 1, IJ, 144 


Neoftect, 139, 200, 202, 289 
Nerve palsy 
abduceat, 89 
axillary crutches and, 252 
brachial plexus, 89, 137, 252 
common peroneal, 4, 8, 22, £10, 112 
femoral, 278 
Fisher spinal brace and, 137 
glosso-pharyngeal, 89 
halo-pelvic traction and, 69-90 
hypoglossal, 89 
tecurrent laryngeal, 89 
sciatic, 278 
spinal cord, 89 
tourniquets and, 273, 275, 276 
ulnar, $2, 110 
Nerve suture, and tourniquets, 278 
Ninety/ainety traction, 33-37 
application of, 36-37 
children, results of treatment with, X - 
dangers of, 37 
indications for, 33-34 
support of leg in, 34-36 
traction weight and, 36 
Nissen foot piae, 31, 32, 33, 35, 61 
Nissen stirrup, 31, 32 
Noa-union of fracture, 215, 239 
Non-water activated polymerisation of casting 
materials, 196, 200, 202 
Non-weight bearing with crutches, 264 
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Noo-weight relieving caliper, 152 
Normal shoe, construction of, 172-175 
Notac traction, 3, 29) 


Nursing care of patients in traction, 106-108 


Occupational therapist, 105 
Olecranon traction, 50-53 
sile for, 6, 52 
Opsite, 282, 29) ° 
Onthofiex, 197, 198, 289 
Omtholene, 164, 169, 289 
cosmetic caliper and, 169-170 
drop foot splint, 164-165 
Onhoplast, 201, 202, 289 
Onhoses 
ankle-foor, 162-165, 166 
congenital dislocation of the hip, 96-103 
cosmetic, lower limb, 169-170 ' 
definition of, 138 
for drop foot, 162-165 . 
lower limb, 151-170 ° 
care of, 128 
checking, 126-127 
cosmetic, 169-170 
fenctional bracing, 214-232 
functions of, 15! ` 
Patten-ended, 167, 168 
prescription of, | 18-126 
training In use of, 127 
lumbosacral, 133, 140 
non weight-relieving, 152 
prescription af, [18-126 
sacroiliac, 132, 140 
spinal, 129-149 
cervical, 144-149 
corrective, 141-144 
fabric, 132-134, 140 
function of, 131-332 
rigid supportive, 135-139, 140-141 
supportive, 132-141 
technical analysis and prescription forms, 
119-126, 294-301 
terminology for, 119-325 
thoracolumbar, 134, 140 
training in use of, 127 
; weight--relieving, 15t~152 
Orthotic terminology, development of, 139 
Orthotist, 218, 119 
Orthotrse, 2, 290 
Ontolani’s test, 93-94 
Osteomyelitis and skull traction, 8) 
Osteoporosis, vertebral, 90, 140 
Outside heel float, 180 
Outside raise, 192-193 
arched and bridge waisted, 193, 194 
Oaford style of shoe, 172, 173, 176 


Ped $ 
calf, plastazote, 165, 170 
clavicular, 135 


for anterior bowing femoral shaft fracture, 
t5, 22, 29, 38, 39, 41, 112 
knock-knee, 166, 168 
thigh, anterior, 154, 155, 167, 169 
Pain 
pressure sores and, 205 
traction and injured limb, 110, 111 
vascular complications and, 205 
Paraesthesia 
lateral cutaneous nerve of thigh 
halo-pelvic traction and, 90 
Milwaukee spinal brace and, 143 
plaster casts aad, 205, 206, 208 
post-lourniquet syndrome and, 277 
tourniquet paralysis syndrome and, 276 
traction and, 110 
Parallel bars, 247 
Paralysis syndrome, tourniquet, 276 
Paraplegia 
halo-pelvic traction and, 89 
sandal type of sirup and, 160 
swinging crutch gaits and, 261-262 
Partial weight bearing with crutches, 263 
Patten-ended caliper, 167, 168 
Patterns of crutch gaits, 260-263 
Pavlik harness, 97-99 
application of, 98-99 


` Pelvic band 


for functional brace, 224 
for lower limb orthoses, 155-156 
for spinal brace, 135, 137 
Pcivic houp, 83, 84, 85, 86, 87, 88 
Pelvic rod, 83, $4, 85, 87, 88, 89 
Pelvic sling 
application of, 69-70 . 
suspension of, 69 
Pelvic tractica, 49 
Pelvic traction screw, 46, 292 
Peripheral pulses in presence of impaired 
circulation, 50, 119, 205 
Peritoneal penetration, pelvic rod and, £6, 
89 
Perkins line, 95 
Perkins traction, 28-30 
application of, 29-30 
physiotherapy and, 29 
results of treatment with, 28 
traction weights and, 29, 30 
Perplas, 164, 170, 290 
Pes cevus, 162 
Phystotherapist . 
in rehabilitation team, 115 
observation of complications, 115 


, 


Physiotherapy 


crutch walking, 261-267 
Patients in traction, and, 105, 114-116 
Perkins traction, 29 
treatment programme, 115 
Piedro bootcea, 176, 299 
Pins 
Denham, 113 
fixing, and halo splint, 76-77 


Pins (contd) E 
half-pins and external skeletal fixation, 
236-237 
Steinmann, 4, 9, 113 
thermal necrosis of bone and, 243 
track infection, 9, 10, U1, 28, 60, 88, Lto, 
112, 245 
transfixing, and external skeletal fixation, 
236 
Plantar fasciitis, 18! f 
Plastazote, 139, 201, 202, 288, 291 
black, 201 
cervical orthosis, 145 P 
high density polymer, 20t 5 
low density polymer, 201 
pink, 201 
spinal suppor, 139, 145 
vacuum formed and yampi footwear, 
177-175 
white, 201 
Plaster bed 
suspension of, 69-69 
Plaster casts, 205-214 
Bachelor, 102-103 
bi-valving (removing), 209-210 
cutting a window in, 211 
frog, 103 
impairment of circulation and, 205-206 
instructions to patients, 208 
Lorenz, 103 
Minerva, 148, 149 
of foot*for making last, 175, 176, 177 
preoperative preparation of limb in, 210 
pressure sores, 207 
diagnosis of, 207 
prevention of complications, 205-208 
Sarmiento, 219-220 
splitting of, 212 
action unit, 21-23, 61, 64 
use of, 196 
wedging of, 212-214 
complications of, 214 
Plaster jacket, 139 
Plastes-of-Paris, 195, 196, 197, 198, 202, 203 
bandeges, 195, 196 
Cellona, 198, 287 
Gypsona, 198, 291 
leno, 197 . 
melamine tesin, with, 197 
Cellamin, 197, 198, 287 
Zoroc, 197, 198, 289 
OnhoNex, 197, 198, 289 
Plaster saw, cicctric, how to use, 209 
Pneumatic tourniquet, 271, 279, 282 
application of, 282 , . 
automatic, 271 
cuff pressures, 273 
dangers from, 275-276 
cuff width, 272, 280, 283 
invention of, 270 
maintenance of, 279 
non-automatic, 271 
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Polymersisation and casting materials, 196, 
197, 199-200, 202 
non-water activated, 196, 197, 200, 202 
Fibreglass, 200, 201, 203 
Glassona, 200, 29% 
Lightcast, 200, 202, 290 
Neoftact, 139, 200, 202, 289 
water activated, 196, 197, 199, 202 
Baycast, 199, 202, 287 
Crystona, 199, 202, 203, 291 
Delialiie, 199, 259 
Scotcheast, 199, 202, 203, 290 
Scotchflex, 199, 299 
Polythene 
cervical orthosis, moulded, 145 
Portsmouth external fixation bar, 239, 240, 
241, 290 
Post-tourniquet syndrome, 277 
prevention of, 277 
recognilion of, 277 
Post traumatic respiratory insut¥iciency, 109 
Posterior gutter piece, 153 
Posterior off-set knee ioint, 158-159 
Preparation of casting materials, 198-201 
Prescription of spinal orthoses, 139-141, 
148-149 
Presentation of casting materials, 198-201 
Pressure sores, 4, 10, 11, 15, 106, 107, 110, 
112, 205, 207 
diagnosis of, 207 
plaster casts and, 207 ` 
Prolapsed intervertebra! disc, 49, 140 
Prosthesis, definition of, 118 
Pulleys, 59, 113-114 
compound pulley block, 59, 64-65, 68, 114 
Pulmonary embolism, 109, 271 
tourniquet use and, 27] 
Pulpit frame, 249, 288 


Quadruped walking aid, 256-257 
Quarter (of shoe), 172, 179 


Radiographer and patients in traction, 114 
Radiographic examination 

access for, in traction, 134 

Casting materials and, 203 

Congenital dislocation of the hip, 94-96 

external skeletal fixation, and, 245 

frequency of, and fractures, 114 

temoval of traction and, 116 

von Rosen technique, 95 
Reciprocal watking frame, 249 
Rectangular heel sockets, 160, 161, 162 
Recurrent laryngeal nerve palsy, 89 
Reef knot, $7 

Conversion from barrel hitch, $7, 58, 64 
Refracture of femoral shafi, 116 
Rehabilitation 

crutch walking, 259-267 

functional bracing and, 215-233 
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Rehabilitation {contd} 
lower limb orthoses, 151-170 
modern splinting and casting materials, 203 
patients in traction and, 115 
Rehabilitation officer, role of, 105 . 
Reinforcements (of shoe), 175 ` 
Remouldsbility of casting materials,- 198-201, 
203 
Renat calculi and traction, 109 
Renal failure 
crush syndrome and, 278 
under-transfusion and, 109 
Rheumatoid arthritis and footwear, 177 


Rigid spinal orthoses, 135-139, 140, 141-144 ` 


indications for, 140 
Ring lock knee joint, 154, 157-158 
automatic, 157 
manuat, 157 
rod spring, 157 
Ring top, caliper, 152, 153, 167, 168 
Rocker bar 
for ankle/subtatar pain, 180 
for hallux rigidus, 186 
Rod - 
distraction, spring-loaded, 83, B4, 86, 88, 89 
pelvic, 83, 84, 85, 87, 88, 89 
Roger Anderson well-leg traction, 23-25 
application of, 23-25 
Rollator, 249-250 
Rotation of limb, contro! of, 2, 4, 10, 19, 23, 
33, 37, 39, 51, 53, 60, 61, 62, 64, 
65, 67, 68 
Round heel sockets, 159-160, 162 
disadvantages of, 159 
Rubber crutch tips, 258 
Rubber glove tourniquet, 28) 


Sacroiliac orthosis, 132, 140 
indications for, 140 
Scaroiliae strain, 140 
Sanda! stirrup, 160 
Sarmiento 
humeral brace, 232-233 
tibial cast, and brace, 219, 220-223 
Scars, depressed, prevention of, It 
Sciatic nerve palsy, 278 
Scoliosis and spinal bracing, 141-144 
Scoichcast, 199, 202, 203, 290 
Scotchflex, 199, 290 
Screw eye, 6, 46, 47, 51, 52, 292 
Seton skin traction kit, 2, 29} 
Setting time of casting materials, 199-201 
Shank, 173 
medial, filler, 183 
steel, for hallux rigidus, 186 
Shelf life of casting materials, 198-201 
Shenton’s line, 95, 96 
Shock lung, 109 
Shoe 
ball of, 173 : 
break of, 173 
counter, 175, 179 


differen: parts of, 172-175 
heel, 172, 174 . 
hee! breast, 172, 173, 174 
lace slays, 172 
linings, 175 
quarter, 172, 179 
raise k 
arched and bridge waisted, 19377194 
calculation of, 191-192 
general considerations, 190-19] 
inside raise, 193 
outside raise, 192-193 
tapering of, 192 
types used, 192-194 
unsuitable footwear for, 193 
reinforcements, 175- 
shank, 173 
sole, inner and outer, 73-174 
throat, 372 
toe box, 175, 185 
tongue, 172 
upper, 172-173 
vamp, 172, 176, 185 
waist, 173 
wetted construction, 174, 179 
Sickle cell disease/trait and tourniquets, 272, 
276 
Side bars of calipers, 156~157, 159-161 
Simonis swivel, 28, 29, 30, 288 
Skeletal traction, 4-11, 28-30, 32-37, 48-47, 
52-54, 73-81, 122-113 
complications of, 4, 9, 10-11, 80-81, 8B-90 
Denham pin, 4, 5, 28, 113 
greater trochanter, 46-47 
halo, 73 
halo-pelvic, 71, 83-90 
infection of bone and, 4, 10, 81, 88, 
£12-113 
insertion Steinmann pin, 9-10 
Kirschner wire, 6, 36, 51-52, 54, 113 
fateral upper femoral, 46-47 
metacarpal, 53-54 
ninety/ninety, 33-37 
nursing care and, 112-113 
olecranon, 52-53 
Perkins, 28-30 
sites of application of, 6-9, 73-78, 85-87 
calcaneus, 9 
greater trochanter, 6 
lower end of femur, 6 
lower end of tibia, 8 | 
metacarpals, 6 
olecranon, 6 
upper end of femur, 6 
hae end af tibia, 8 
skull, 73-74, 76, 77 } 
skull, 73-81 naii 
Steinmann pin, 4, 9, 113 
Tulloch Brown, 32-33 
Skin . 
grafting and tourniquet, 278 
irritaiion and traction, 110 


© 


Skin {conid} 
nursing care in traciion, 107, 110 
pre-operative preparation solutions, 282 
Skin-trac, 2, 292 
Skin traction, 1-4, 412 
adhesive, 2, #10, £12 
application of, 2 
complications of, 4, 110, 112 
canttalndications to, 3 
non-adhesive, 3, 112 
max. traction weight and, 2 
nursing care, 112 
‘Tobruk spfiar and, 18 


Skull, penxracion of, and traction, 8t, 68° -- 


Skull traction, 75-83 E 
aiins of ucatment, 79 
application of, 73-78 hoa 


cervical spine injuries and, 79 
complications of, 80-81 a 7 
Cone (Barton) tangs, 75-76 or 
Crutchfield tongs, 73-75 = 
halo splint, 76-78 
indications for, 73 
management of, 79-80 
traction weights, 73-80 
Sliding traction, 12, 26-55, 73-81 
application of 
Agnes Hunt, 48-49 
Bohler-Braun frame, using, 44-45 
Bryant’s traction, 42 
=~ Buck's traction, 27 
Dunlop traction, 50 
Fisk splint, 38 
‘Fixed’ Thomas’s splint, 40-41 - 
gallows traction, 41 
greater trochanter, 46-47 
Hamilton Russell traction, 30-31 
lateral upper femoral, 46-47 
metacarpal pin traction, 53-54 
modified Bryant's traction, 43-44 
ninety/ninety traction, 36-37 
olecranon traction, 52-53 
pelvic, 49 
skull, 73-78 , 
Thormas’s splint and knee-flexion piece, 
38-39 am». 
Tulloch Brown traction, 32-33 
for cervical spine, 71-81 
methods of application, 27-54 
principle of, 26-27 
Sting z 
for Thomas's splint, 14-15, 112 
pelvic, 69-70 
Prevention of slipping, 15 
Socia! worker and patients ia traction, 105 
Socket, heel 
Mlat/rectangular, 160, 161, 162, 163 
round, 153, 154, 155, 159-160, 162, 163, 
66 


__ rubber torsional, 163-164 
Soesi laces, elastic, 177 
Sole (of shoe), 73-174 
SOMI brace, 146-147, 291 
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Specialist foam traction, 3, 289 
Spina bifida and footwear, 176 
Spinal bels and corsets, 132-134 


‘Spina! cord injury and traction, 73, 79, 89 


Spinal instability, 140 
Spinal orthoses, 129-149 
anterior hyperextension brace, 138 
Boston brace, 143-144, 290 
cervical, 144-149 
four-poster, 147, 291 
halo-body, 81-83, 148, 149, 287 
Minerva jacket, 148, 149 
moulded, 115-146 
restriction of movement, 148-149 
SOMI brace, 146-147 
temporary collar, [44-145 
Thomas's collar, 145 
corrective, 141-144 
fabric, 132-034, 140 
fitting of, 134 
function of, 131, 132 
lumbo-sacral, 133 
prescription of, 140 
sacro-iliac, [32 
thoraco-tumbar, 134 i 
Fisher brace, 136, )37 
function of, 131-132 
Milwaukee brace, 141-143 
fisting of, 142-143 
indications for, 141 
moulded, 139, 145-146 
possible benefits of, 132 
rigid supportive, 135-139, 140-141 
basic construction, 135-136 
fitting of, 138 
prescription of, 140-14! 
Robert Jones brace, 136, 137 
supportive, 132-141 
rrcscription of, 139-141] 
Taylor brace, 135, 135-137 
Thomas's collar, 145 
Spinal traction, 71-91 
non-skeletal or halter, 71-72 
skeletal os skull, 73-76 
Spine 
cervical, restriction of movement by 
orthoses, 148-149 
functional snatomy of, 129-131 
infection and bracing, 136, 137, 140 
intradiscal pressure, 138 
moyements in 
cervical, 129-130 
lumbar, 130-131 
thoracic, 130 
Splint 
Bartow, 96, 100-101 
dangers of discarding (oo early, and 
x fractures, 126 
Denis Browne hip, 102 
Fisk, 16-17, 37-38, 61, 62, 291 
function in sliding traction, 12 
halo, 76-78 ; 
posterior gutter and Bryant's traction, 43 
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Splints (conid) 
Thomas's, 13-16, 18-23, 38-41, 63-68, 
o ena 
Tobruk, 20 
von Rouen, 96, 99-101 . 
when to discard, and fractures,’ § 16-817 
Splinting and casting materials, 195-204 


choice of, 202-204 ce 
functional bracing, 218-233 e ae 
history of, 195 Pil a ret 
load-bearing time of, 198-201 "> | 


low temperature thermoplastics, 201, hes v 


orthopaedic use of, 196 os 

plaster-of- Paris, 197-198 

plaster-of-Paris with melamine, 197, 198 

polymerisation, which undergo, 197, n3, we 
200, 202 


IPT 


properties, table of, 198-201 fons 


~ stiffness of, 198-20! 
Split ded, Hadfield, 28, 29, 106, 288 
Splitting of plaster casts, 232 
Spondylolisthesis, 140 
Spondytolysis, 140 
Spring 
clips for cords, 58, 67 
Exeter coil, 164 
Thomas's splint, suspension by, 56, 68, 288 
toe-raising, 162-164 
Spring-loaded distraction rod, 83, 84, 86, 88, 
89 ig 
Spur pieces 
Matfrectangular, 159, 163 
round, 159, 163 
Standard walking frame, 247-248 
Steinmann pin, 4, 9%, 113 
Charnley clamps with, 235 
insertion of, 9 
Steridrape, 282, 290 
Sticks, walking, 255-255, 267 
Stirrup ` 
auachment of side bars, 160 
Bahler, $, 5, 113 
Nissen, 31, 32 
ordinary, 160 
sandal or insert, 160 
Straps 
ankle, 153, 154, 155, 163, 
fulcrum, 132, 133, 134 
retaining for Jower limb ad 166-168 
T, 165-166 
Strength of casting materials, 198-201, 
202-203 
Style of boot/shoe 
Balmoral, 172 
Derby, 172 : ° 
Eagle, 176, 291 
Gibson, 172, 173, t76 
Oxford, 172, 173, 176 
Piedro, 176, 289 
Subdural abscess and skull traction, al, 
Suttatar joint, pain and footwear, 179-180 
Supportive spinal orthoses, 132-141 


166, 167 


Surgical footwear, 175-179 

Suspension cords, 57, 67, 113 

Suspension of appliances, 56-70 
advantages of, 56, 59 

Suspension weights, 60-61, 62, 65, 69 

Swinging gaits with crutches, 261-262 

Swing-through crutch gait, 262 

Swing-to crutch gait, 261-262 

Swiss lock knee joint, $55, 158 

Symphysis pubis, instability of, 140 


Tapered heel cushion, 181 
Taylor spinal brace, 135, 136-137, 140 
indications for, 140 
Teachers and patients in traction, 105 
Technicat analysis forms, 119, 120-128, 
294-301 - 
Tendo calcaneus, pressure sores and, 4, 5, 3 
Thanet beam, 66 3 
Thermoplastics 
high temperatuse; 157. 
low temperature, 196; 201, 202 
Hexcclite, 201, 202, 290 
Onhopiast, 201, 202, 289 
Plascazote, 201, 202, 288, 291° 
Thigh pad, anterior, 154, 155, 167, 169 
Thomas collar, 145 EAA 
Thomas heel, 182 


Thomas or Jones spinal brace, 136, 132, 140 


indications for, 140 
Thomas's splint, 13-16, 18-22, 38-41, 49, 
63-68 
description of, 13 
‘fixed’, application of, 40-4! 
“fixed’, suspension of, 65-67 
‘fixed’, traction in, 3-20 
knee-flexion piece and, 16, 38-39 
measuring for, 13 
preparation of, 14-16 
sliding traction and, 38-41 
slings for, 14~16 
suspension of, 63-68, I1!-1)2 
by cords, pulleys,. weights, 63-67 
by springs, 68, 238 
Thoraco-lumbar orthosis, 134, 140 
indications for, 140 
Three-point crutch gait, 263-267 
Throat of shoe, 172 
Tinct. benzoin, 10 
Tobruk splint, 20 
Toe block, 186° - Oj, 
Toe box, 175, 185. i 
Toc-out and lower limb orthoses, ii a 
Toe-raising devices, 162-165 wee 
ankle joint and spring, 162-163 ... 
double below-knee iron and spring, 162-153 
Exeter coil spring, 164 
Orthotene splint, 164-165 
rubber torsion socket, 163-164 
Toilet and patients in traction, 107 
Tongs 
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Tongs (contd) 
Barton, 73, 75-76 
Cone, 73, 75-76 
Crutchfield, 73-75 
Tongue (of shoe), 172 
Tourniquets, 269-285 
Bier's block, 283-285 
application of, 283-285 
complications of, 285 
checking routine, 279 
contra-indications to 
exsanguination, 271 
use of, 272 i 
dangers from, 274-278 
bleeding after removal, 273 
cuff pressure, 275-276 
exsanguination, 274-275 
failure to protect skin, 282 
failure to remove, 278 
ischaemia, 276-278 š 
deep vein thrombosis and, 271, 274 
development of, 269-270 
digital, 270, 28! . 
Esmarch bandage, 269, 270, 271, 272, 274, 
279, 280-281 
how to apply, 280-282 
non-pneumatic, 270, 280-281 
Petit (screw) type, 269 
Physiological changes with, 276 
Pneumatic, 271, 279, 262 
Post-toursiquet syndrome, 277-278 
Prevention of, 277-278 
Precautions when using, 282-283 
Pressure in cuff, 273, 275-276, 279, 280 
tecord of use of, 279-280 
site for application of, 272 
time limit for, 273, 274, 276, 280 
, Vascular complications, 271, 274-275, 
276-278 
width of cuff, 272, 280, 283 
Tourniquet paralysis syndrome, 276 
Tractac, 2, 289 
Traction 
Agnes Hunt, 48-49 
Bohler-Braun frame, using, 44-45 
Bryant's, 41-43 
Bryant's modified, 43-44 
Buck's, 27 
Cervical spondylosis and, 71, 73 
chest complications and, 109 
cords, 11, 18, 19, 21, 28, 29, 30, 36, 33, 41, 
à 52, 54, 57, 66, 113 
Counter, 11-12, 18, 19, 23, 26, 27, 42, 47, 


54 
Dunlop, 49-50 
duration of, for fractures, 116 
Fisk splint, in, 37-38, 62 
fixed,.11, 18-25 
‘fixed’, Thomas's splint, in, 40-41 
gallows, 41 
halo-pelvic, 71, 83-90 
halter, 71-72 f 
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Hamilton Russell, 30-31 
knee stiffness and, 6, 37 
lateral upper femoral, 45-48 
management of patients in, 105-117 
metacarpal pin, 53-54 
nincty/ninety, 33-37 
olecranon, 50-53 
pelvic, 49 
Ferkins, 28-30 
physiotherapy and, 114-116 
prolapsed intervertebral disc and, 49 
radiographic examination and, 114 
removal of, 116-117 
Roger Anderson well-leg, 23-25 
skeletal, 4-11, 73-90 
skin, 1-4 
skull, 73-81 
sliding, 12, 26-55 
spinal, 71-91 
subtalar joint stiffness and, 9 
Thomas’s splint, in, 18-21, 38-41, 49, 59, 
63-68 
time in, and different fractures, 117 
traction-suspension system, care of, 11-114 
traction unit, in, 21-23 
Tulloch Brown, 31-33, 61 
unit, 21-23, 61, 64 
urinary complications and, 109 
when to discard splint, 116-117 
with U-loop tibial pin, 31-33, 61 
Traction kit 
Elastoplast skin, 2, 291 
Scton skin, 2, 291 
Traction screw 
olecranon, 51, 52 
pelvic, 46, 47, 292 
Traction-suspension system, care of, 111-114 
Traction unit, 21-23, 61 
advantages of, 22-23 | 
application of, 22 
fixed traction in, 21-23 
suspension of, 64 
Traction weight, 2, 3, 18, 22, 27, 29, 30, 31, 
36, 41, 45, 47, 71, 73, 80, 114, LIS 
Bohler-Braun frame, 45 
Buck's traction, 27 
Dunlop traction, 50 
factors influencing choice of, 27 
‘fixed’ Thomas's splint, 41 
Hamilton Russell traction, 3! 
head halter, 71 
initial and femoral fracture, 27 
lateral upper femoral, 47 
metacarpal-pin traction, 54 
ninety/ninety traction, 36 
olecranon traction, 52 
Perkins traction, 29, 30 
skin traction 
adhesive, maximum, 2 
nonadhesive, maximum, 3 
skull traction, 73, 80 
to reduce groin pressure, 18, 22 
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_ Traumatic respiratory insufficiency, 109 
Tripod watking sid, 256-257 
adjustment of, 257 
tophic ulceration and footwear, 177 
True discrepancy in limb length, 186-187 
“Slaps, 165-164 : 
Tulloch Brown traction, 31-33 
pplication of, 32-33 
Suspension of, 33, 61 
Tulloch Brown U-loop, 90/90 traction and, 
34-35 R 
Two-point crutch gait, 263 


Ulnar nerve palsy, 6, 52, 110 
Underarm erutches, 250 
Union of fractures 
delayed, 18, 239 
Functional bracing and, 215-217 
non-union, 215, 239 
Processes occurring in, 216-217, 238-239 
wedging’ of plaster casts and, 212 
Universal Day frame, 240, N1, 249 
Upper (of shee), 172-173 
tinary tra, Patients in traction and, 109 


Vacuum formed footwear, 177-178 
algus insoles, 181-182 
Vamp (of shoe), 172, 176, 185 
acular complications 
*Fant's traction and, 42-43 
Congenital dislocation of the hip and, 96-97 
uniop trection and, 50 
femoral shalt fractures and, 21, 42-43 
in presence of distal peripheral pulses, 205, 
206 i 
Pain 194, 205 
Plaster casts and, 205~206 
Prevention of, 205-206 f 
tourniguers and, 271, 274-275, 276-278 
Ventfoam skin traction bandage, 3, 27, 292. 
Vidal frame, 236, 242 me 
Volkmann's ischaemic contracture, 50 
VON Rosen splint, 96, 99-101 
application of, 99-100 
Manzgement in, 100-10] 


Waist (of shoc), 173 
Walking 1ds, 246-258 i 
crutches, 250—255 
encrgy expenditure end, 250 
frames, 247-250 
handgtips, 258 
muscles used with, 246 
parallel bare, 247 
rubber tips, 258 f 
selection of, Factor in, 246 
sticks, 255-256, 267 l 
uipod and quadruped, 256-357 
walking sticks, 255-256, 257 
Waitking frames, 247-250 
pulpit, 249 
reciprocal, 249 
rollator, 249-250 
pandard, 247-248 
Walking sticks, 255-256, 267 
adjustment of, 256 
selection of, 255 
Walking with crutches, 259-267 i 
Water activated polymerisation of casting 
materials, 196, 199, 202 
Wedging of plascer casts, 212-214 
complications of, 214 
Weight-iclieving caliper, 15} 
how to check, 151-152 
ights 
i ane 60-61, 62, 65, 69, 114 , 
traction, 2, 3, 18, 22, 27, 29, 39, 31, 36, 41, 
45, 47, 71, 73, 80, 114, 115 
Welt (of shoe}, 174 
Windlass, 18, 19 : 
Window, cutting, in plaster cast, 211 
Wing traction screw, 51, 52, 292 


X-ray clarity of casting Meterizis, 198-201, 
203 


i 114 
X-rays and traction, 
Xylocaine, 284, 287 á 


Yampi, 177, 292 : 


Zoroc, 197, 198, 239 
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